| THE 
a 
CRFRAR LIBRAR, 
JAN 1957 
Lot 
QW LEE > Wa 
941 
Miser 
October — December 1956 
AMERICAN CONGRESS ON SURVEYING AND MAPPING 


i) 
ISS] / \ 


AERO SERVICE CORPORATION 


PHILADELPHIA 20, PENNSYLVANIA 
Oldest Flying Corporation in the World 


PRECISE AERIAL MOSAICS TOPOGRAPHIC MAPS PLANIMETRIC MAPS RELIEF MODELS AIRBORNE MAGNETOMETER SURVEYS 


4 
A ane ~ PS 
/) @ 
te peo ROBE] 
Uf ILLI 
f ff C. A. 
\ // WILL] 
; .\\ BRO. | 
Y/Y 
Wf) KENN. 
/ RO 
\\ ff vor 
Wf 
| 
| 


Organization of the Congress 


OFFICERS FOR 1956 


President 
LESTER C. HIGBEE 
W. & L. E. Gurley 


Vice President 


G. W. HERZOG 
Houston, Tex. 


Executive Secretary 
WALTER S. DIX 
Maps and Surveys Division, TVA 


Treasurer 
RICHARD T. EVANS 
U. S. Geological Survey (Ret.) 


BOARD OF DIRECTORS 
(Terms expire 1956, 1957) 


CHARLES H. ANDREGG .........-- 1956 
FRANK S. BORDEN .........-.++-- 1956 
ROBERT H. LYDDAN ............. 1956 
CARROLL F. MERRIAM ........... 1956 
WILLIAM H. WILSON ............. 1956 
C. A. WOOLDRIDGE, JR. .......... 1956 
WILLIAM C. WATTLES .......... 1956 
BRO. B. AUSTIN BARRY .......... 1957 
KENNETH S. CURTIS ...........-. 1957 


PAST PRESIDENTS 


ROBERT H. RANDALL 

JOHN S. DODDS (Deceased) 
GEORGE D. WHITMORE 
FRANK S. BORDEN 
MARSHALL S. WRIGHT 

SOL A. BAUER 

GERALD FITZGERALD 
GEORGE H. HARDING 
REAR ADM. R. F. A. STUDDS 
CARROLL F. MERRIAM 


CHAIRMEN, TECHNICAL 
DIVISIONS 


ROBERT H. RANDALL, JR., Cartography 
E. D. MORSE, Control Surveys 

HARMER A. WEEDEN, Education 
CLIFFORD A. THORPE, JR., Instruments 
GORDON E. AINSWORTH, Property Surveys 
ROLAND H. MOORE, Topography 


CHAIRMEN, STANDING 
COMMITTEES 


LESTER C. HIGBEE, Executive 

JOHN M. AMSTADT, Budget 

MURRAY Y. POLING, Constitution 

FRANK S. BORDEN, Membership 

SOL A. BAUER, Professional Status 

CHARLES A. WHITTEN, Publications 

HELMUTH BAY, Public Relations 

FRANKLIN G. WILLIAMS, 17th Annual 
Meeting 


ADVISORY COUNCIL 


C. C. LINDSAY 
WILLFRED B. WILLIAMS 
WILLIAM C. WATTLES 

J. S. BEAZLEY 


PUBLICATIONS COMMITTEE 


CHARLES A. WHITTEN, Chairman 

K. T. ADAMS (General) 

FRANK S. BORDEN (General) 

R. C. BRINKER (Property Surveys) 
ROBERT C. ELLER (General) 

LYMAN D. LYNN (General) 

C. S. MALTBY (Instruments) 

MARVIN C. MAY, (Education) 
WALTER W. RISTOW (Cartography) 
MILTON O. SCHMIDT (Control Surveys) 
MORRIS M. THOMPSON (Topography) 


Note.—Manuscripts of articles should be ad- 
dressed to Chairman Whitten, Coast and 
Geodetic Survey, U. S. Department of Com- 
merce, Washington 25, D. C. 


EDITORIAL STAFF 


HOWARD S. RAPPLEYE, Editor-in-Chief 
Q. S. JOHNSON, Assistant Editor 

JOHN B. ROWLAND, Assistant Editor 
BERNARD SCHECHTER, Assistant Editor 
A. J. WRAIGHT, Assistant Editor 


= 


and 


| 
= 


and surveys and those who make them. 
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American Congress on Surveying and Mapping 


The American Congress on Surveying and Mapping is a non-profit association, 
organized to advance the sciences of surveying and mapping in their several branches, 
in furtherance of the public welfare and in the interests of both those who use maps 
It aims to establish a central source of 
reference and union for its members, to contribute to public education in the use of 
surveys and maps, and to encourage the prosecution of basic surveying and mapping 
programs, especially those programs which are paid for, in whole or in part, with 


SuRVEYING AND Mappinc is the official journal of the Congress and is published 
quarterly during the months of March, June, September, and December. The Con- 
gress welcomes articles and interesting news items for publication in its journal. 
Manuscripts should be sent to the Chairman of the Publications Committee. 
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.--A Tall Order 


“Two years ago I was called in by a large 
company which had purchased 40 acres of 
farm land as a site for buildings worth $5,000,- 
000,” recalls Stanley M. Shartle, Registered 
Land Surveyor of Danville, Indiana. “Besides 
a certified land boundary, they required a 
topographic map showing elevations to the 
nearest 0.1 ft. at the approximate corners of 
50-ft. grid squares covering the entire area.— 
And they wanted it done yesterday.” 

“The terrain was flat and timberless. It 
looked easy. But, at the site, I found corn 
standing more than 8 ft. tall everywhere and 
visibility nil. My orders were to ‘cut not one 
stalk’; so I searched for a vantage point. All I 
found was more corn. 

“Surprisingly, the north and south rows of 
corn proved to be almost in true meridian; and 
east and west rows were practically perpen- 
dicular. This made the location of the grid 
corners easy to establish without a transit. 

“But for leveling I was desperate, 'til an idea 


fi Fi 


Corn “high as an s eye’ 
ing problem for Stan Shartle. Solution: extend tri- 
pod legs with conduit. 


tension tripod and replace them with 10-ft. 
lengths of 1-inch thinwall conduit which fit 
snugly into position. This giant tripod put the 
level's telescope 12 feet above the ground. On 
a 12-ft. ladder, I was able to see over the corn 
easily. It wasn’t yesterday when I finished, 


hit me: remove the sliding legs from the ex- 


2th. 


Write for your free copy of 
“Tips from the Surveyor's Notebook.” 


but pretty darn close.” 


Remedy for “Frozen” Tripods 


Did you ever have an instrument “freeze” to the 
tripod out in the field? Chances are that nothing 
you tried would budge it. 

The next time it happens, take a tip from a 
cadastral engineer: spread the tripod legs apart 
until the instrument is a foot above the ground. 
The instrument will then come off easily. This en- 
gineer first tried the trick 40 years ago; says it’s 
never failed since in any temperature or climate. 


Gurley Transit on border survey: This prominent 

ale g —who ts the above method 
for “unfreezing” a tripod—used his Gurley Solar 
in resurveying the Colorado-New Mezico 
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The largest HIGHWAY PROGRAM of all times 


requires modern planning and working methods. 
Photogrammetric instruments and procedures guarantee speed and precision in final road 


location and volume measurements. Independent of weather conditions! Limited number of 
field crews! 


PHOTO : AERO SERVICE CORPORATION, PHILADELPHIA) 
Find out yourself about the instruments that have already solved such problems! 
For the flying mission: 
RMK 21/18 Aerial Survey Camera and 2 x RMK 21/18 Convergent Camera 
with £/4 Zeiss Topar Lens 8'/."", negative size 7" x 7" 
RMK 15/23 Wide-Angle Camera with £/5.6 Zeiss Pleogon Lens 6", negative size 9" x 9”. 
For road location and yardage determinations: 
C8 Stereoplanigraph with built-in coordinate printing counter 
For planning and interpretation: Stereoscopes, Stereotope, SEG V Rectifier 


Write today for detailed literature! 


ZEISS-AEROTOPOGRAPH MUNICH. 


Minchen 27 / Western Germany / Ismaningerstr. 57 
Sole Agents for U.S.A. TRANSMARES CORPORATION 15 William Street, New York 5, N.Y. 
Branch Office, 1124 N. Highland St., Arlington, Va. 
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covering pre- 
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vents corrosion, rs At little cost, Copperweld* Survey 
while the steel Markers protect the investment of the 
core provides 
strength and original survey. They can’t rust or rot, and 
= ow they’re simple to install—won’t splinter 
y me le or break. The bronze head can be readily 
ete center punched for precise reference. 
ing process 
Want more details on this economical 
metals method for identifying survey points per- 
inseparable. manently? Write for Bulletin No. 144. 
Standard length is 3 feet—other sizes made 
Trade Mark to order. Packed 10 markers to a carton. 


WIRE AND CABLE DIVISION +  Glassport, Pa. 


For COPPERWELD STEEL INTERNATIONAL COMPANY, Wew York 
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SAVE ON EQUIPMENT... 
SAVE GAS, TIRES, REPAIRS 


Warn Hubs on your 4-wheel drive make 
2 vehicles out of 1, because you can use 
it as a light duty 2-wheel drive pickup, or 
4-wheel drive work horse. Warn Hubs 
Save gas, tires, repairs; stop front gear 
whine and shimmy in 2-wheel drive — and 
you have 4-wheel drive whenever needed. 
Automatically, too, with Warn Lock-o- 
matics! They select free-wheeling 2-wheel 
drive or tractive 4-wheel drive as you shift! 
When road conditions change, you just 
keep right on going in whatever drive is 
required. With Warn Hubs, whenever you 
use 2-wheel drive you're saving on oper- 
ating costs — and because you have 4- 
wheel drive too, it’s the only light vehicle 
you need! Lock-o-matic (and Locking) 
models for all makes 4 W. Ds. to 1% tons. 
See Warn Hubs at your dealers, or write: 


NEW WARN 
LOCK-O-MATIC HUBS 


Give your 4-wheel drive 
automatic free-wheeling 
2-wheel drive — and 
automatic 4-wheel drive 
forward and reverse 


AS YOU SHIFT! 


WARN MFG CO., Riverton Box 6064-SM12, Seattle 88, Wash. 
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Monsen 
Trans-Adhesive” 


Map Type 
for better maps... faster 


Monsen Trans-Adhesive Map Type eliminates 
tedious handlettering or applying small typo- 
graphic detail with paste. Names, descriptions, 
numerals, symbols, etc., are sharply printed to 
your specifications on transparent acetate 
backed with pressure-sensitive adhesive. Cut out 
a word or symbol. Lay it lightly on map, and 
shift into place. Burnish down. It sticks tight, but 
can be removed if necessary. Only the opaque 
printing shows. Lines beneath the acetate repro- 
duce clearly. Many styles of type, colors of inks, 
glossy or matte finish acetates. 


FREE TEST SAMPLES — Write today for free samples of 
Monsen Regular and H-R Heat Resisting Trans-Adhesive 
Impressions—also price list illustrating many of the 
available type styles. 


‘ 


_ typographers, inc. 


CHICAGO 11 22 East Illinois Street 


LOS ANGELES 15 928 South Figueroa Street 
WASHINGTON 5, D. C. 806 15th Street, N.W. 
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Wé&T 
Sensitive 
SURVEYING 
ALTIMETERS 


READABLE 
TO ONE 
FOOT 


DURABLE 
SELF-BALANCING 
CUSTOM CALIBRATED 


ACCURACY 0.1% 


STANDARD RANGES 

Minus 1000 to 3000 feet 
Minus 1000 to 6000 feet 
Minus 1000 to 15000 feet 
Special Ranges Available 


Write for additional information 


WALLACE & TIERNAN INCORPORATED 
-—= a 25S MAIN STREET, BELLEVILLE 9, NEW JERSEY 
In Canada, Wallace & Tiernan, Ltd. — Toronto A-118 
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"AIR SURVEY CAMERAS AND PLOTTING 
INSTRUMENTS 'Nistri’ Patents” 


Ni ST R / OTTICO MECCANICA ITALIANA 


e rilevamenti aerofotogrammetrici s. p.a. 


ROMA - VIA DELLA VASCA NAVALE 81 


Ro MA Tel. 599001 - 2-3 


Telegr SAROM!I - ROMA 


General Agent for the United States and Canada 


OMI CORPORATION OF AMERICA, 286 Fifth Avenue, New York 1, N. Y. 
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AERIAL MAPPING COMPANY 
PORTLAND, OREGON 


Cuts cost of mapping — 

wilderness timber... 
with 

Bausch & Lomb 


PHOTOGRAMMETRIC 
EQUIPMENT 


Contour-mapping the swamp-dotted wilds of 
Washington’s Olympic Peninsula... and survey- 
ing the area for timber type and density ... would 
have taken months by any other method. Aerial 
Mapping Company produced topographic maps 
in just weeks, complete with detailed timber data, 
by using B&L Multiplex equipment... “at a great 
saving to the client.” 


WRITE for Catalog F-301. Complete information 
on the world’s finest photogrammetric equipment, 
including Multiplex, Auto-focus Rectifier, Twin- 
plex, and Balplex. Bausch & Lomb Optical Co., 
37712 St. Paul St., Rochester 2, New York. 


BAUSCH 6 LOMB 
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SURVEY MARKING 
and IDENTIFICATION 
EQUIPMENT 


Bathey Surveyor Stakes SPECIAL 
and Identification Caps 
Offer These Advantages: 


™ A permanent marker. 

™ Professional advertising. 

® Minimum bulk for storing or carrying. 
™ Dip needle response. 

Positive identification. 

™ Ideal for hard ground. 

® Five stake lengths: 3”, 18”, 24”, 48”. 


STANDARD IDENTIFICATION 
CAPS AVAILABLE 


BENCH MARK 


HEAD 
24" Diam. 
Ya" Thick 


Permanent solid brass property 
markers remain tamper proof when 
set in concrete. Stamped to your 
specifications. 


Write for Prices and Complete Information 


A Michigan Corporation Whose Officers Are Members of The American Congress on Surveying and Mapping 


BATHEY MANUFACTURING COMPANY 
100 SOUTH MICL*ST. PLYMOUTH, MICH. 
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Berger Transit narrows problems 
on world’s widest vehicular tunnel 


Deflections. Angles. Curves. Each construction job con- 
tributes its share. But the 1314 million dollar tunnel 
section of Boston's new J. F. Fitzgerald Expressway had 
them in spectacular abundance. And when V. Barletta 
Co. of Roslindale, Mass., was awarded this big contract, 
they knew that the instrument needed to see them 
through the job would have to be tops in accuracy and 
dependability. That’s why they chose the Bercer 614” 
Bronze Transit. 

Here’s an idea of some of the problems they met: 

On the approach to the slab area, some 20,000 yards 
of concrete—over 90 separate pours— were held to within 
1/100th of a foot. 

Where the approach goes underground, the base lines 
of the steel structure are on a series of curves. These base 
lines—and all points on both sides of the structure— 
were run 15 to 20 times to assure absolute accuracy. 


Anchor bolts were set within 1/16”. Pre-cut steel beams 
had to fit exactly. They did. 

Problems of laying out, alignment, elevation, leveling 
—the Bercer Transit was given a complete workout, 
day in and day out. 

Said Barletta Co. engineers: “It does the job—and 
then some. Graduations stand out clearly for easy 
reading. Telescope focuses quickly over long and short 
distances—from 100 to 500 feet in only half a screw turn. 
Easy to center over a point from 15 to 20 ft. height. No 
problem picking up targets—even at 1200 feet.” 

Where accuracy is at stake, leading engineers and con- 
struction men buy Bercer. Put yourself behind a 
Bercer—and see why. C. L. Bercer & Sons, INc., 
43 Williams St., Boston 19, Mass. 


nN Write for a copy of “ACCURACY IN ACTION” 


BERGER 


ENGINEERING AND SURVEYING INSTRUMENTS. ..SINCE 1871 


Ti 
le 
this gl 
accura! 
define 
lake, a 
and to 
proper! 
the del 
tail is t 
and dit 

As 
ence t 
need fo 
velopec 
owners] 
created 
precise 
the age: 
steadily 
ization. 
sable ad 
his envi 
fields of 
medium 
unknow 

Mapr 
or even 
haltingh 
concept 
related 
belief th 
were not 
early co: 
a partial 
the Arct 

Maps 
world p 
progress 
played b 
nations ¢ 


The r 


Present 
of the Am 
ping, Wa 


| 
420 
| 
| 
| | 


World Mapping 


By REAR ADMIRAL H. ARNOLD KARO 
DIRECTOR, COAST AND GEODETIC SURVEY 


HE ULTIMATE mapping goal of the 

leading nations of the world is to have 
this globe of ours completely covered with 
accurate, detailed maps—maps which clearly 
define every coastal outline, and every river, 
lake, and mountain—maps with every city 
and town and all other cultural features 
properly located. Integrally associated with 
the delineation of physical and cultural de- 
tail is the accurate determination of distance 
and direction. 

As man progressed from a nomadic exist- 
ence to tribal and community living the 
need for better and more detailed maps de- 
veloped. Stabilized residence, property 
ownership, and progressive industrialization 
created ever-expanding requirements for 
precise and detailed mapping. Through 
the ages mapping techniques have marched 
steadily along in step with advancing civil- 
ization. In addition to being an indispen- 
sable adjunct in assisting man in coping with 
his environment, maps have stimulated new 
fields of research and have provided a useful 
medium in furthering man’s quest of the 
unknown. 

Mapmaking did not originate as a science, 
or even as an art, but evolved slowly and 
haltingly from obscure origins. The ancient 
concept of maps or geography was closely 
related to mythology, as illustrated by the 
belief that certain islands of the Aegean Sea 
were not fixed in permanent locations. This 
early concept of floating islands has become 
a partial reality in the floating ice islands of 
the Arctic. 

Maps are not only a factor in promoting 
world progress but are also an index of 
progress achieved. History reveals the part 
played by mapping among empire-building 
nations of the world. 

The rise of sovereign states created the 


Presented at the Sixteenth Annual Meeting 
of the American Congress on Surveying and Map- 
ping, Washington, D. C., March 19-21, 1956. 
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need for the systematic preparation of more 
detailed and accurate maps. Such maps 
were primarily for military purposes and to 
meet the needs of expanding commerce. 
These requirements, therefore, were not con- 
fined to sovereign territory but covered ad- 
jacent areas—sometimes for extensive dis- 
tances. In addition to being indispensable 
as a defensive measure, mapping was essen- 
tial for offensive purposes. This factor was 
mainly responsible for 17th- and 18th-cen- 
tury maps being primarily military in char- 
acter. 

The full usefulness of maps for civil pur- 
poses was not immediately apparent. Even 
today it is doubtful if more than a small 
percentage of the peoples of the world 
understand or appreciate the value of ac- 
curate and detailed maps. 

During the past decade we have become 
used to having maps and charts available in 
almost every conceivable size, shape, or form. 
For this reason it is hard for us to visualize 
that less than a quarter of the earth’s surface 
can be considered adequately mapped. 

Proper evaluation of maps is a job for an 
expert. The average layman is unable to 
evaluate accurately the artistically drawn 
and handsomely colored maps with which 
modern lithography provides us. 

World War II demonstrated in a most 
realistic manner the lack of good world-wide 
map coverage. This deficiency was not con- 
fined entirely to the backward and undevel- 
oped areas of the globe. For instance, ac- 
curately-drawn detailed maps of the channel 
coast of France were nonexistent when the 
need arose. The urgent need of maps to 
meet a war emergency on a global basis re- 
sulted in greatly accelerated mapping ac- 
tivities both at home and abroad. This ex- 
panded need has continued not only for 
direct military operations and planning but 
also for the location of strategic materials, 
political considerations, and world-wide 
commercial undertakings. 
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Since it serves the common good, mapping 
must be recognized as an essential public 
service—therefore, a function of govern- 
ment. This important undertaking calls for 
complete coordination by governments 
within their own boundaries and, due to the 
complexities of modern civilization, geo- 
politics, and other considerations, it calls for 
ever-increasing international coordination. 
This does not mean, however, that special 
mapping to meet particular needs should 
not be undertaken by private enterprise. 
The point I am making is that government 
has a clear duty to undertake or direct all 
basic mapping which can provide the neces- 
sary details needed by all interests for proper 
development and administration. Such de- 
tailed mapping provides for a general and 
up-to-date picture without which planning 
degenerates into confusion and frustration. 

The leading nations of the world must, of 
course, give first consideration to complete, 
detailed, and accurate coverage of their en- 
tire nation domain. National mapping pro- 
grams in turn contribute to world mapping 
which is a composite of the mapping that 
each country carries on unilaterally as a 
matter of national policy. 

Modern existence itself must depend upon 
a host of maps and charts vital to planning 
global economy and defense. The develop- 
ment of natural resources and the unprece- 
dented industrial expansion of modern times 
are dependent in large measure upon ade- 
quate maps. Almost any basic endeavor you 
would care to name, can be better planned, 
and better executed, if accurate detailed 
maps are available. 

Generally speaking, long-established, 
thickly populated, and highly developed 
countries are the best mapped. Centuries of 
property disputes have resulted in the map- 
ping of most European countries, and the 
British Isles, to the highest degree of refine- 
ment. 

The progressive economic expansion of 
the United States, as well as the peaceful 
development and expansion of all nations, 
makes necessary a critical appraisal of exist- 
ing map data, in order that adequate plans 
can be developed to meet present and future 
contingencies. A detailed inventory is 
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needed to uncover major deficiencies in map 
coverage. Planning can then proceed on a 
sound basis to overcome these deficiencies. 

The production of maps is entirely de- 
pendent, of course, upon adequate survey 
data. Systematic governmental surveys date 
from about 1750 when Cassini, under or- 
ders from Louis XV, began work on his 
great map of France at the scale of about 
1:84,000. Since that time all leading na- 
tions have engaged in extensive national 
programs of surveying and mapping. 

Modern mapping is a complicated process 
due to the earth’s spherical shape. Prin- 
ciples must be applied to surveying which 
take into account the curvature of the earth, 
otherwise discrepancies would result in 
measurements. Actually, the earth is neither 
flat nor exactly spherical, but approximates 
a sphere flattened slightly at the poles. This 
problem in spherical geodesy is a compli- 
cated factor in world mapping. 

Thus, the first requirement of large-scale 
mapping or charting is the establishment of 
accurate, rigid, geodetic control to insure 
proper coordination and maximum useful- 
ness. Precise horizontal and vertical control 
insures that every feature and detail appear- 
ing on maps and charts will be shown in its 
true position. 

Basic control obtained by geodetic surveys 
includes triangulation, baseline measure- 
ments, traverse, leveling, and astronomic 
and gravity determinations in which the 
figure and size of the earth are taken into 
account. Geodesy provides the methods and 
techniques essential to precision mapping 
on a world-wide basis. 

Sufficient triangulation data had become 
available shortly after the beginning of the 
19th century to afford a modern determina- 
tion of the figure and size of the earth. Ge- 
odesists have been very active since that 
time in determining the mean figure of the 
earth. New values were derived progres- 
sively in direct relationship with the steady 
advancement in scientific findings. The 
value of the equatorial radius has tended to 
increase since about 1800, with the amount 
of increase being in the order of two kilom- 
eters. 

In 1858 the noted British geodesist, A. R. 
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Clarke, made his first determination which is 
quite close to the best current opinion, both 
as to the equatorial radius and the flattening. 
Since that time progressive refinements have 
been made and a well-established continen- 
tal datum now is accurate to within one or 
two seconds of arc, or between 100 or 200 
feet. The equatorial diameter of the earth 
is known to within probably 300 feet; the 
general trend of the reciprocal of the flat- 
tening, which we now put at 297+1, has 
decreased progressively. With these refine- 
ments in dimensions, it is possible to com- 
pute global distances with considerable 
accuracy. For instance, a distance deter- 
mination between a selected point in the 
United States and another point in Europe 
is believed to be possible with an accuracy 
of 1000 feet or probably less. 

Latitude and longitude of a point on the 
earth’s surface can be directly determined 
only by astronomic observations. Also a 
well-established datum depends on astro- 
nomic observations for many latitude and 
longitude stations, connected by triangula- 
tion. One astronomic station cannot be 
depended upon alone due to the fact that 
the vertical on which the observations de- 
pend may deviate considerably from the 
normal to the spheroid on which the tri- 
angulation is computed. Final results are 
obtained by an averaging process whereby 
the results of many astronomic observations 
are taken into account. 

Simply stated, latitude at any given point 
is equal to the angle of elevation of the 
celestial pole, or that point which marks 
the center of the circles transcribed by the 
stars in their daily apparent travel. Actu- 
ally, much more refined methods are em- 
ployed, but the principle is the same. 
Longitude is determined by observing the 
universal time of the stars as they cross the 
local meridian. 

The force of gravity is also an important 
factor to be considered in determining astro- 
nomic position. All astronomic observations 
depend upon the direction of gravity which 
must be defined by very accurate spirit 
levels. Although the observations are well 
referenced to the direction of gravity, they 
must also be referenced to the perpendicular 
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or normal to the spheroid on which the tri- 
angulation is computed. This factor in- 
volves the geoid which closely approximates 
an ellipsoid of revolution which is a mathe- 
matical surface on which triangulation can 
be computed. 

It is possible with proper gravity coverage 
to establish a triangulation datum with a 
single astronomic observation for latitude 
and longitude. Good gravity coverage pro- 
vides data for correcting the deflection of 
the vertical. Many gravity observations, 
adequately controlled horizontally and ver- 
tically, are required over an area as large 
as two or three hundred miles to afford the 
necessary gravity coverage for this method. 

The geoid can be visualized as the earth 
covered by oceans with no islands or con- 
tinents; however, the geoid is not quite a 
smooth surface since it has “humps and hol- 
lows.” Relatively speaking, the earth is prob- 
ably smoother and more nearly a sphere 
than most bowling balls. Nonetheless, the 
direction of gravity is always perpendicular 
to the geoidal surface and this can differ as 
much as one minute of arc, or as much as 
a mile on the ground, from the normal to the 
spheroid. 

In any engineering or scientific undertak- 
ing involving large continental areas, it is 
important that full coordination and corre- 
lation be secured of the surveys upon which 
the maps and charts of the country are 
based. We know that a hydrographic or 
topographic feature on the earth can have 
but one latitude and one longitude. These 
must be the same on every map or chart 
on which it appears. This can be accom- 
plished through the adoption of a single 
horizontal datum for the triangulation 
points in the country. 

It is apparent that the geoid cannot be 
used as a reference for computing survey 
data, even if its exact shape were known. 
This led to the development of a geometri- 
cal surface that approximates as closely as 
possible the true geoidal surface. The 
mathematically computed spheroid _ is, 
therefore, the first step in establishing a 
geodetic control system. This search for an 
accurate figure of the earth is not peculiar 
to any one country; scientists throughout 
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the world have contributed their part to 
solving this basic problem. 

Electronics may be said to be the key to 
modern world mapping. The development 
of electronic methods of distance determina- 
tion has opened the way for effective intra- 
continental adjustments and correct rela- 
tionships between continents and off-lying 
islands. As a result of the development of 
electronic measurement techniques during 
World War II, the whole field of surveying 
and mapping—on land, at sea, and in the 
air—is undergoing radical changes. The 
surveyor, whether he be geodetic, topo- 
graphic, or hydrographic, has discovered a 
new yardstick for extending his work. This 
new concept is based on the velocity of 
propagation of radio and light waves. In- 
struments using that yardstick have been 
or are being designed to reduce the cost of 
surveys and, even more important, to ac- 
complish surveys heretofore impossible with 
conventional methods. 

The geodetic surveying phase of world 
mapping is followed by the production of 
the basic series of topographic maps of a 
country. The geodetic networks provide 
the framework for measuring and depicting 
on maps the physical features of a given 
area, whether it is by quadrangle or maps 
of a country, state, national, or continental 
area. Topographic maps include both the 
planimetry and relief representing physical 
characteristics of the terrain and may be at 
any scale, depending upon the use to be 
made of them. 

Maps prepared from original surveys by 
national or state governments for use in 
scientific, engineering, and military opera- 
tions are usually published at comparatively 
large scales, varying from 1:20,000 to one 
inch to the mile, or less. Intensively devel- 
oped and thickly populated countries, es- 
pecially those on the European continent, 
utilize larger scales for their original map 
series in contrast with substantially smaller 
scales over most of the remainder of the 
globe. 

Topographic maps portraying the physi- 
ography of the earth’s surface serve as base 
maps from which all others are largely de- 
rived. The poorest mapped areas are found 
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in the interior of the world’s great land 
masses. Most of the interior of Africa, Asia, 
Australia, Arabia, Greenland, the polar 
regions, and vast expanses in South America 
are completely lacking in large-scale map 
coverage. 

Military considerations now provide the 
greatest single impetus to map making; by 
the same token, military classifications and 
restrictions are the greatest impediment to 
world-wide exchanges of mapping data. 

Surveying and mapping techniques are 
being constantly improved to meet the un- 
precedented demands for more and better 
maps. Instead of climbing mountains with 
heavy equipment strapped to his back, the 
modern surveyor can now set down gently 
with helicopters. Heretofore inaccessible 
areas can in like manner be reached by air- 
lift. We are now using the geodimeter 
which utilizes the speed of light in measur- 
ing baselines in a fraction of the time for- 
merly required. 

Topographic mapping by photogrammet- 
ric methods has largely replaced the slower 
and more laborious planetable and traverse 
methods. Stereoplotting and other photo- 
grammetric techniques, including new re- 
lated processes for transferring aerial photo- 
graphs onto map manuscripts suitable for 
reproduction, are being progressively per- 
fected with greatly improved accuracy. 

The United States in recent years has 
assumed important international leadership 
in advancing the science of surveying and 
mapping. Private organizations, such as 
the National Geographic Society and the 
American Geographical Society and the var- 
ious technical societies have made valuable 
contributions toward a_ better-mapped 
world. 

Coastal areas of the world are far better 
mapped, in general, than inland areas. The 
reason for this is the important part that 
the nautical chart has played in the com- 
merce and industrial development of mari- 
time countries. The nautical chart is basic 
to water-borne commerce; it is just as im- 
portant to the ship as the compass, the 
radio, or the rudder. Without adequate 
charts, free and unrestricted intercourse by 
water would be impossible. 
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In furtherance of world commerce the 
great maritime powers have given the neces- 
sary support to surveying and charting all 
navigable waters that must be used by the 
ships of all nations. These activities are 
coordinated through the International Hy- 
drographic Bureau which has its principal 
headquarters in Monaco. This interna- 
tional agency has supported publication of 
the general Bathymetric chart of the oceans. 
This global series of 24 charts systematically 
presents in convenient form the wealth of 
oceanic data obtained by navigators, ocean- 
ographers, geographers, geologists, and 
others. 

The Arctic, Antarctic, South Pacific, and 
South Atlantic Ocean areas are the most 
deficient in information. Due to the vast- 
ness of the ocean areas relatively few areas 
can be considered adequately covered. 
Some information must of necessity remain 
unpublished for security reasons. 

Figure 1 presents a graphic appraisal of 
world-wide topography in five categories of 
reliability. Major deficiencies are revealed 
at a glance by the extensive blank areas. 
The most reliable coverage is indicated in 
black and includes large-scale mapping at 
one inch to the mile or larger. Other shad- 
ings indicate secondary large-scale coverage 
at one inch to two miles, inferior large-scale 
coverage; secondary medium-scale coverage, 
and map coverage at 1:500,000 or smaller. 
The unshaded areas are almost wholly un- 
mapped with any degree or reliability. This 
appraisal shows that not more than 25 per- 
cent of the land area of the world is covered 
with even reconnaissance type topographic 
maps at a scale of 1:250,000 or larger that 
have been compiled from the aerial photo- 
graphy or systematic ground surveys. I 
must therefore take exception to Mr. Peat- 
tie’s article in the March 1956 Readers 
Digest in which it was stated that “about 
half of the world’s area has been mapped 
accurately.” 

The appraisal shows further that only 
about 5 percent of the land surface of the 
earth can be considered as having large- 
scale topographic maps based on adequate 
geodetic control. Approximately 8 to 10 
percent of the land area of the earth is 
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covered with secondary large-scale topo- 
graphic maps. About 5 percent has inferior 
large-scale coverage lacking in adequate 
geodetic control. This category applies par- 
ticularly to China. Large areas are covered 
with secondary medium-scale mapping, such 
as compiled from trimetrogon photography. 
The remainder of the coverage indicated in 
the appraisal, as category 5, is useful mainly 
for reference purposes and for planning 
more detailed mapping projects. 

Figure 2 is a graphic appraisal of world- 
wide nautical chart coverage, also classified 
in five categories. The first and most reli- 
able coverage, indicated by black dots, is 
at the scale of 1:50,000 or larger. The 
other classifications indicate coverage at 
scales varying from 1:50,000 to 1: 100,000, 
at 1:100,000 to 1:600,000, and smaller than 
1:600,000. Track lines are symbolized by 
crosshatching. 

When we consider that about 70 percent 
of the surface of the earth is covered by 
water, reliable world-wide nautical chart 
coverage seems extremely deficient. As in 
other forms of mapping the concentration of 
reliable nautical chart coverage is along 
shores of the more highly developed mari- 
time nations, their territories, colonies and 
dependencies. 

Modern nautical charting is virtually non- 
existent over most of the open ocean areas. 
These areas are being covered with track- 
line soundings which give general informa- 
tion. Many nations are now exerting in- 
tensive effort in surveying and charting ter- 
ritorial waters. Nautical charting is costly 
and progress is slow except when there is 
immediate economic necessity or in times of 
national emergency. The International Hy- 
drographic Bureau is making significant 
strides in stimulating interest in charting 
the oceans of the world. The foreign chart- 
ing programs of the United States Navy 
Hydrographic Office and the British Ad- 
miralty make significant contributions to 
world nautical charting. 

Figure 3 emphasizes the close relationship 
existing between worldwide aeronautical 
chart coverage and topographic maps of the 
earth. In appraising the status of aeronau- 
tical chart coverage, adequacy and reliabil- 
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ity were evaluated more in terms of safety 
and utility rather than in terms of absolute 
minute accuracy of geodetic control. 

The first category, shown in a gray line, 
indicates adequate chart coverage up to 
scales of 1:250,000; other shadings of gray 
show reliable 1:500,000-scale coverage; and 
secondary 1:500,000-scale coverage; black 
shows usable coverage at 1:1,000,000 scale. 
The unshaded areas are classified as inferior. 

Figure 4 shows the location of world geo- 
detic control nets considered capable of 
meeting present-day criteria for control sur- 
veys. This presentation is mainly schematic. 
No attempt has been made to show second- 
ary breakdowns within the control networks 
nor to depict numerous detached local con- 
trol schemes. 

The major deficiencies are apparent in 
the northern half of South America except 
for a band along the west coast; most of 
Africa, except for the southern and south- 
eastern part, a narrow band along the Medi- 
terranean, and the 30th meridian arc; most 
of the Near East; China; Asiatic Russia and 
Siberia north of latitude 56° north; and 
most of Australia. 

It may be noted that no geodetic tie exists 
between the Western Hemisphere and Eu- 
rope, Africa, or Asia. It will be geographi- 
cally simple to make such a tie across Bering 
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Strait from Alaska to Siberia. A program 
is underway to connect the geodetic datums 
of Europe and North America by means of 
electronic trilateration between Great Bri- 
tain, Iceland, Greenland, and Canada. 

The job that lies ahead is vast indeed, 
but the effort and cost are small compared 
to the great benefits that will be derived 
from having adequate maps of the globe 
upon which we must live. Political bound- 
aries are being transcended in carrying on 
greatly expanded mapping projects in var- 
ious areas lacking in map coverage. Tech- 
nical experts are being sent from the United 
States to other countries where mapping is 
urgently needed for economic development 
and administration of social services. 

During the past decade young engineers 
and scientists from numerous foreign coun- 
tries have been trained by the Federal map- 
ping agencies in Washington. In addition 
to most of the Latin American countries, 
Burma, Egypt, Ethiopia, Turkey, Pakistan, 
Thailand, Korea, India, Indonesia, Iran, 
Italy, the Philippines, and Spain are among 
the nations that have sent trainees to the 
United States. Important contributions to 
mapping in their respective countries are 
now being made by many of these trainees 
since returning to their native lands. 


Wall Map of Detroit 


A new wall-size map of Detroit, Mich., and 
vicinity is the Geological Survey’s latest addition 
to its series of topographic maps covering im- 
portant metropolitan areas throughout the 
Nation. 

Cultural and physical data contained on por- 
tions of fourteen 7Y%2-minute quadrangles of 
Greater Detroit have been compiled as two 
sheets, each measuring approximately four feet 
north and south by six feet east and west. The 
compilation is from 1:24,000-scale maps of the 
Mt. Clemens West, Warren, Birmingham, Pon- 
tiac South, Redford, Royal Oak, Highland Park, 
Grosse Pointe, Belle Isle, Detroit, Dearborn, 
Inkster, Detroit-Wayne Airport, and Wyandotte 
quadrangles. The individual maps were origi- 
nally prepared in 1951 from aerial and ground 
surveys. 

All railroad lines entering the city are shown, 


also freight marshalling yards, several lakes, 
reservoirs, parks, principal ship channels in the 
Detroit River, airports, tunnels, roads and high- 
ways. The main portion of the city is tinted 
in red to indicate areas in which only landmark 
buildings are shown individually. 

Hydrography along the Detroit River was 
compiled from U. S. Lake Survey charts. Can- 
adian topography was accomplished in coopera- 
tion with the Canadian Department of Defense 
from the Canadian Windsor and Belle River 
quadrangles. 

The composite map has been printed in five 
colors at a scale of 1:24,000. Copies are $3.00 
per set of two sheets, available from the Geo- 
logical Survey, Washington 25, D. C. Orders 
originating west of the Mississippi River should 
be addressed to Survey offices, Federal Center, 
Denver, Colo. 
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Whether you want precise Planimetric or Topographic Maps at 
20-foot or 1-foot intervals — you can get them more quickly 
and to greater accuracy with an Abrams Aerial Survey. 


One Flight. topoGRAPHIC, PLANIMETRIC 
AND PICTORIAL MAPS CAN BE PRODUCED. 


A photo crew needs but one good day aloft to cover a broad 
area. Then, all other work progresses in the laboratory — day 
and night, good weather and bad. Often the ground control is 
readily available — if not, it can be obtained in short time. 


Aerial photogrammetry, with Abrams facilities, produces 
more accurate maps because there is no guesswork in drawing 
a contour line. 


Write or phone for Immediate Information 


Abrams Aerial Survey 
CORPORATION 


LANSING, MICHIGAN, U. S. A. 
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Control Surveys In Canada 


By J. E. R. ROSS 
DOMINION GEODESIST 


HE VAST AREA of Canada, slightly 

larger than the United States, imposes 
a variety of problems upon the surveyor, not 
only by virtue of size, but also by virtue of 
climactic conditions and sma!lness of popu- 
lation, largely distributed near the Inter- 
national Boundary along a narrow belt 
averaging less than 200 miles in depth, in 
which are confined the transportation facili- 
ties of railways and highways. To the north 
of the St. Lawrence River, the Great Lakes, 
and the agricultural sections of the Prairies, 
lies the major area, which lacks highways 
and roads, and except for the main rivers 
is devoid of any means of rapid surface 
transportation. This area has now been 
made accessible everywhere by the aero- 
plane, which in turn has stimulated the 
search for mineral wealth with results of 
great economic importance. World-wide 
conditions have also focussed attention upon 
defense matters. .The requirements for 
economic development and defense have 
emphasized the need for a vast improvement 
in the scale, accuracy, and detail of new 
maps to replace those hitherto available. 
This in turn means an analysis of the avail- 
able control upon which the new maps must 
be based. 


CONTROL OF MINOR ACCURACY 


The organizations which have been, and 
still are, engaged in control surveys of a suf- 
ficient standard of accuracy, are mostly 
Federal, although the Survey Department 
of British Columbia has projected triangu- 
lation surveys in the mountainous interior, 
which have been correlated as a unit 
through geodetic attachment. 

International Boundary Survey.—The In- 
ternational Boundary is controlled almost 
entirely by minor triangulation, although 
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precise traverse has been used for relatively 
short sections, and all of this has been con- 
nected with the geodetic framework, thus 
providing consistent data in position and 
elevation. Along the 141st-meridian section 
of the Canada-Alaska boundary, geodetic 
ties have been made at four stations with 
the Alaska triangulation. 

Local Survey and Aeronautical Charts.— 
The Block and Township surveys, extended 
from reference meridians and base lines of 
the Dominion Lands Surveys system in the 
three prairie provinces (Manitoba, Saskat- 
chewan, and Alberta) , constitute an impor- 
tant local control for mapping purposes, as 
linear measurements are made to an accu- 
racy of about 1: 10,000 and courses are astro- 
nomically observed. In the period 1871- 
1930, during which the control of the re- 
sources and public lands remained under 
Dominion authority, there were surveyed 
281,250 square miles, an area 2.3 times as 
large as the British Isles and slightly greater 
than that of Texas (265,896 square miles). 
Most of this survey lies in the settled areas 
immediately north of the International 
Boundary. 

Since 1930 some of the reference merid- 
ians have been projected northward to and 
beyond latitude 60° into the Northwest 
Territories, and upon these further base 
lines and township outlines have been ex- 
tended to new areas of settlement. 

In recent years, the 60th parallel of lati- 
tude, which forms the northern boundary of 
the four provinces west of Hudson Bay, has 
been projected and monumented eastward 
1000 miles to within 350 miles of Hudson 
Bay. The Manitoba-Ontario oblique 
boundary to Hudson Bay has also been sur- 
veyed. These surveys have been positioned 
astronomically by the Geodetic Survey and 
the line operation has been carried out 
under various provincial boundary commis- 
sions composed of provincial and Federal 
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CONTROL SURVEYS IN CANADA 


representatives. These afford a base-line 
control for other surveys in the near locality. 

Radar altimetry is also a function of this 
organization. Many profiles have been re- 
corded across northern sections of the coun- 
try, and each season’s work adds greatly to 
the elevation data. One difficulty is that of 
reference datums related to mean sea level, 
but this is gradually being overcome. The 
accuracy in elevation between datum lakes 
is assessed as of the order + 10 feet. 

Topographical Survey—Where geodetic 
control is available, chains of quadrilaterals 
are extended into the area to be mapped. 
The accuracy aimed at is high and varies 
between 1:10,000 and 1:20,000, more care 
being taken with the longer arcs. An ex- 
ample of this type is the 800-mile loop, based 
on the Canada-Alaska boundary, easterly 
from Dawson, Y. T., to Norman; thence, 
down the Mackenzie River to north of the 
Arctic circle; and westerly to the boundary 
near Rampart House. Other chains are 
based on exploratory astronomic fixation 
and closed shoran stations. 

Secondary mapping control consists of 
minor triangulation within the above men- 
tioned chains, to provide a denser pattern 
of control points, which are accurately iden- 
tified on the air photographs. In moun- 
tainous areas, this control is a combination 
of photo-topo and third-order triangulation 
and has been found particularly suitable for 
1:250,000 mapping. In areas of low relief, 
the control is increased by additional tri- 
angles and intersection on the sides of the 
nets. In northern Quebec, triangulation has 
been extended as much as 50 miles east and 
west from the geodetic net to control 1 :50,- 
000 mapping. 

In the past much reconnaissance mapping 
control was established by stadia between 
astro-fixes and most of the larger features 
have been so mapped. A large number of 
astro-fixes were observed, identified in air 
photos, and used as control for 8-mile maps 
and 1:250,000 reconnaissance maps. Ad- 
justments are made and map positions are 
revised when the geodetic control or better 
quality mapping control reaches these areas 
of astro-fixes. 

Vertical control in mountainous areas is 
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supplied from vertical angles with systematic 
ties to good quality levels. Recently several 
long spirit level lines have been established 
in the Northwest Territories and northern 
Saskatchewan and Manitoba. 

One line extends from Fort Providence at 
the outlet of Great Slave Lake down to 
tidewater at the mouth of the Mackenzie 
River. Another line links Great Slave Lake 
and Great Bear Lake and continues down 
Bear River to Mackenzie River at Fort Nor- 
man. A further level line out of Great Slave 
Lake extends from Fort Reliance to Baker 
Lake, and the closure on this loop is within 
2 feet. In the winter of 1954—55 a 600-mile 
loop of levels was extended from Pelican 
Narrows to Reindeer Lake, Wollaston Lake, 
Black Lake, Cree Lake, and back to Ile a la 
Crosse. The closure in this loop was 2 feet. 
Last summer a spirit level line was extended 
from Black Lake to Aderdeen Lake on the 
Thelon River and from Baker Lake through 
Yathkyed Lake to Ferguson Lake. The 
purpose of these level lines is to provide 
reasonable control for future survey opera- 
tions in these areas, and it is generally the 
intention to further break down the vast 
areas by other similar lines. 

In the above type of level operation full 
advantage is taken of the water surfaces in 
lake systems. Lines of levels are usually 
run only between the lakes. 

The Army Survey Establishment.—The 
principal functions of the mapping agency 
of the Department of National Defense are: 


(a) Production of topographical maps for de- 
fense purposes and of special maps as 
required, 

(b) Maintenance of a cadre of trained survey 
personnel and the operation of a base 
map reproduction unit in war, 

(c) Training of survey tradesmen, and 

(d) Map distribution to the Department of 
National Defense. 


Field surveys are conducted to provide 
vertical and horizontal control. Surveys are 
carried out within the framework of geodetic 
control where it is available. Triangulation 
coupled with terrestrial photography (pho- 
totopography) is generally used in moun- 
tainous areas to provide both horizontal and 
vertical control. Areas of lesser relief are 
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generally controlled horizontally by transit- 
and-chain traverse and vertically by instru- 
mental and barometric leveling. Precision 
of these surveys is to the order required for 
1:50,000 mapping. 

In recent years the helicopter has replaced 
the pack horse on most of the mountain 
parties, although economics still call for the 
use of the latter occasionally. Barometric 
leveling in the Northwest Territories is car- 
ried out entirely by helicopter. 

Shoran controlled photography based on 
the shoran trilateration net established by 
the Geodetic Survey and the Royal Cana- 
dian Air Force throughout the Northwest 
Territories is used to provide horizontal con- 
trol for 1:250,000 sheets in that area. So 
far, 34,000 lineal miles have been flown, 
which are now used to control an area of 
approximately 500,000 square miles. This 
work has been carried out under civilian 
contract. 


CONTROL OF MAJOR ACCURACY 


Obviously the answer to some of the in- 
dividual problems of the above organizations 
is a survey organized to conduct control 
operations of major accuracy. This control 
should not be allowed to deteriorate to serve 
special interests, but should be maintained 
at such a level of accuracy as to serve all 
present and future needs in so far as they 
may be foreseen. 

This is a recognized approach in most 
countries and results in a geodetic survey 
being established. Unfortunately, in the 
relatively undeveloped or sparsely populated 
countries, action is not taken soon enough, 
and when the demand arises major control 
is far behind the needs. In this respect 
Canada, by virtue of size, is an outstanding 
example. 

Below are given the texts of two important 
documents of the Committee of the Privy 
Council (P.C. 766 and P.C. 630), approved 
by His Excellency the Governor General. 


“On a Memorandum dated 5th April 1909, 
from the Minister of the Interior, submitting 
that during the last four years a triangulation 
has been in progress in the better settled parts 
of the Provinces of Ontario and Quebec, under 
the Astronomical Branch of the Department 
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of the Interior, the object of which is to deter- 
mine with the highest attainable accuracy the 
positions of points throughout the country, and 
the lengths and directions of lines which may 
form the basis of surveys for all purposes, topo- 
graphical, engineering, or cadastral and thereby 
assist in the survey work carried on by other 
Departments of the Dominion Government, by 
the Provincial Governments and by municipali- 
ties, private persons, or corporations. The oper- 
ations have also included a considerable length 
of lines of precise leveling: 

“The expense of the work has been paid out 
of the appropriation for Astronomical Surveys, 
which among other objects, provides for ‘the 
astronomical and geodetic work of the Depart- 
ment of the Interior.’ 

“The Minister recommends that since the 
operations so far carried on have shown that 
this accurate basis for surveys of all kinds can 
be provided for at reasonable cost, and since 
the value of such work is universally admitted, 
being vouched for by worldwide experience, that 
the work be continued under the designation of 
the Geodetic Survey of Canada*, and that Dr. 
W. F. King, the Chief Astronomer, be named 
Superintendent of the same. 

“The Committee submit the same for ap- 
proval.” 


(Approved 20 April, 1909) 


“WHEREAS the Minister of the Interior re- 
ports that the Geodetic Service of the Depart- 
ment of the Interior has been carrying on pre- 
cise levelling since 1906; 

“That in 1931 the Department of Public 
Works transferred all original field books and 
records, resulting from precise level operations 
carried on by that Department since 1883, to 
the Geodetic Service of the Department of In- 
terior; 

“That since that time all precise leveling in 
Canada has been brought under one organization 
and has now been consolidated into one national 
system of levels referred to one datum plane; 

“That a number of different datum planes 
have been, and still are, in use in Canada and 
that this condition tends to confusion; 

“That mean sea level has been generally 
adopted by other countries as their datum plane 
for elevations and is the datum plane to which 
the national system of precise levels of the Geo- 
detic Service of the Department of the Interior 
has been referred; 

“THEREFORE His Excellency the Governor 
General in Council, on the recommendation of 


* Now under Department of Mines and Tech- 
nical Surveys. 
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the Minister of the Interior, is pleased to order 
and it is hereby ordered that mean set level, as 
determined at coastal points by the Canadian 
Hydrographic Service and extended inland by 
the Canadian Geodetic Service, shall be the offi- 
cial datum plane for elevations in Canada and 
shall be known as the Canadian Geodetic 
Datum; 

“His Excellency in Council is further pleased 
to order that the elevations of all works or proj- 
ects of the Government of the Dominion of 
Canada which may originate after the date 
hereof shall be referred to this datum, where 
possible.” 

(Approved 11 March, 1935) 


The above Orders-in-Council furnish 
ample proof of the necessity of a geodetic 
survey in the coordination of surveys of 
lesser accuracy. They do not, however, con- 
vey the magnitude of the task in application 
to the size of Canada, nor indicate the num- 
ber of personnel which might be required 
to advance the work, within a reasonable 
time, so as to be in a position to provide 
control for even the areas of settlement and 
expansion existing in 1909. 

In the intervening years, the permanent 
staff of the Geodetic Survey of Canada has 
never exceeded 75 persons, inclusive of cleri- 
cal help, and at no time have more than 19 
parties been engaged in a field season. Be- 
cause of the country’s latitudinal extent, 
operations are mostly performed in the sum- 
mer season. 

The Geodetic Survey is organized in five 
sections, i.e., Triangulation, Precise Level- 
ing, Astronomy (precise and exploratory) , 
Shoran Trilateration, and Mathematical 
Adjustments. Remarks pertinent to these 
sections and to this paper are given below 
under separate headings. 

Triangulation.—The basic framework is 
composed of first- and second-order arcs 
which in general follow the routes of trans- 
portation. These arcs are gradually being 
extended to form loops northward from the 
International Boundary. 

The advantages of triangulation consist 
in the density of points which may be estab- 
lished in a narrow belt, and the numerous 
base lines thus supplied, from which minor 
triangulation may be extended sidewise to 
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increase the density of control for other 
purposes. 

Each party is now supplied with the ver- 
tical photos of the route through which the 
observing is progressing and identification 
of the station site on the photo is made dur- 
ing the occupation of a station. This has 
greatly increased the value of the triangu- 
lation for mapping purposes. 

Occasionally it has been necessary to es- 
tablish an astronomic datum for local tri- 
angulation conducted for a specific purpose. 
These schemes are gradually being con- 
nected with the main framework, and to 
date only one of these surveys remains iso- 
lated. 

At present no chain of triangulation ex- 
ists in Canada connecting the eastern and 
western portions. Operations are now being 
advanced to complete the link in northern 
Ontario. 

All results are based on the North Ameri- 
can 1927 datum thus maintaining the basic 
data on a continental basis. 

A start has now been made on three arcs 
of first-order triangulation to extend the 
control north of the prairie provinces and 
in northern Quebec. These operations are 
to be supported by aeroplane. 

It has been found to be more economical 
to measure base lines concurrently with the 
observation of angles, as the added man- 
power is available in the area and aircraft 
do not have to be rechartered. 

The Survey has just purchased a geodim- 
eter, and it is hoped to replace all tape 
measurements by geodimeter measurement. 
This instrument should permit an increased 
number of control lengths to be placed in 
the net, thereby contributing to increased 
accuracy. 

Precise leveling in Canada was first un- 
dertaken by the Geodetic Survey in 1907. 
The work of that year was centered in the 
Province of Quebec, the initial bench mark 
being the U.S.C. & G.S. bench mark in 
the Chapman Block, Rouses Point, N. Y. 
As time progressed, the net was extended 
eastward and westward and at the year 1956 
serves all provinces. 

For many years the net was virtually com- 
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posed of two nets—Eastern Canada and 
Western Canada joined by a single line of 
levels extending from Port Arthur, Ont., to 
Winnipeg, Man. In late years, however, 
considerable precise work was done in this 
district and the intermediate link was 
strengthened so as to make a fairly uniform 
net in depth across the country. 

At the present time, for adjustment pur- 
poses the level net is composed of 332 junc- 
tion points with 450 links, or lines of levels, 
joining the junction poinis. 

The control for the net is provided by 
determinations of mean sea level by the 
Hydrographic Survey at the following loca- 
tions: Halifax, Yarmouth, and Father Point 
of the Atlantic Coast; Point Atkinson and 
Prince Rupert on the Pacific Coast. In the 
most recent adjustment of the net, the tidal 
station at Churchill, Man., was used as ad- 
ditional control. Local control for leveling 
on Prince Edward Island employed the tidal 
station at Charlottetown, and in Newfound- 
land tidal stations at St. John’s and Port aux 
Basques were used. 

Precise leveling employs the method of 
spirit leveling, using instruments of precision 
and methods of procedure which have been 
developed through experience over years of 
operation and which have been proven to 
ensure high accuracy. 

In the adjustment of the net the condition 
equation method has been adopted. This 
method lends itself admirably to the solu- 
tion of a net of leveling when additions of 
new work are to be considered. A further 
improvement was made by using the differ- 
ential method, which has the advantage of 
showing the effects of new additions. 

The earlier adjustments have been cov- 
ered in two publications, viz.; “Adjustment 
of the Precise Level of Canada 1928” and 
“Recent Adjustments of the Precise Level 
Net of Canada 1935.” In 1950 a new ad- 
justment of the level net was started and was 
completed in 1952. This 1952 adjustment 
included all lines leveled to the end of 1951. 
No publications have been issued incorpor- 
ating the results of this 1952 adjustment. 
The differences between the 1952 adjust- 
ment and published values do not exceed 0.3 
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foot except in the mountainous area of Brit- 
ish Columbia. 

In the early days the lines of precise levels 
were extended over the railway routes. In 
time, when railway routes had been covered, 
the highway routes, primary, secondary, and 
even tertiary were used to carry the lines. 
As new routes, railways and highways, are 
built to open up hitherto inaccessible coun- 
try where development is progressing, the 
call for precise levels in the area is satisfied 
as soon as such work can be undertaken. 

Bench marks established by other organi- 
zations are correlated within the precise 
level net. Publications covering descrip- 
tions and elevations of all bench marks, by 
provinces are issued by the Survey. At the 
present time statistical level publications are 
as follows: 


Precise Level Publications 

Precise and Secondary Level Publications 
Bench Mark Publications 

Altitude Series Publications 1 


CO UI 


Considerable work has been done in recent 
years to provide vertical control in the St. 
Lawrence Seaway area during the period of 
construction and for hydroelectric power 
development. 

In connection with hydrological studies of 
the Great Lakes and the St. Lawrence 
Waterway, an intensive study of the present 
crustal movement in the Great Lakes basin 
has been under way. In furtherance of this 
study the Precise Level Section has, within 
the last few years, rerun the level line from 
the tidal bench mark at Father Point, Que., 
to Kingston, Ont., via Quebec, Montreal, 
and Cornwall and also the line from Mon- 
treal to Cornwall, via Rouses Point. Be- 
tween the Great Lakes, lines also have been 
rerun between Port Dalhousie on Lake On- 
tario and Port Colburne on Lake Erie; be- 
tween Toronto Harbor on Lake Ontario 
and Goderich on Lake Huron; and be- 
tweeen Goderich and Collingwood on 
Georgian Bay. Comparing the new instru- 
mental results with the values obtained years 
ago over the same lines, the changes in 
elevation which might take place over a 
hundred-year period are extrapolated. 
Graphical illustrations of these changes may 
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be produced and may be used in the current 
study of crustal movement in the Great 
Lakes basin. 

An attempt is being made to establish a 
datum for the Great Lakes which will re- 
ceive mutual acceptance. This would assist 
greatly the interpretation of data in hydro- 
logical studies. 

At the end of year 1955, the leveling 
covers work in 10 provinces and 2 territories, 
and the connection of our levels in 3 states 
of the U.S. A. It is classified as follows: 


Miles 
Precise leveling, G.S.C. 36,634 
Secondary leveling, G.S.C. and 
Legal Survey 12,2477 
Dept. of Public Works Leveling (DPW) 4,587 
Total 53,468 
Bench marks established 
G.S.C, 14,565 
Legal Survey to 1925 1,163 
Total 15,728 


There are also many bench marks on 
D.P.W. lines which have been directly con- 
nected by G.S.C. leveling. Some other sec- 
tions have been adjusted between fixed 
points of the G.S.C. net. 

Astronomy.—The function of the astro- 
nomic section is to provide Laplace azimuth 
control for triangulation and astronomic 
control for boundary location, to establish 
second-order astronomical points for con- 
trol in aerial mapping in areas not covered 
by triangulation or other types of survey, 
and to carry out field work and investiga- 
tions relating to isostasy. 

In order to prevent the accumulation of 
errors in azimuth in a triangulation net, 
Laplace azimuth stations are established at 
fairly regular intervals along the chain. 
This control requires that the astronomic 
azimuth of one or more lines in the net and 
the longitude of a terminal of these lines 
be observed, both to an accuracy of about 
0.3 second of arc. Due to the fact that the 
plumbline or vertical does not coincide with 
the normal to the adopted spheroid of refer- 
ence, a small corrective term must be ap- 


¥ Includes 9,261 miles of Legal Survey lines 
to 1925. 
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plied to the astronomic azimuth to obtain 
the geodetic value. 

All astronomical observations previous to 
1927 were made for the purpose of Laplace 
determinations, and at most stations latitude 
observations were also carried out. Since 
1927 all precise work at triangulation sta- 
tions included a star program for latitude, 
thus obtaining values for the deflection of 
the plumbline, at these stations. The aver- 
age deflection in Canada is of the order of 
330 feet, with a maximum value of 2053 
feet observed in the Gaspé Peninsula. 

Longitude and latitude are determined by 
the use of a Heyde astronomical transit, with 
self-registering micrometer. Azimuth deter- 
minations are usually made with a first-order 
theodolite, equipped with a very sensitive 
stride level. 

Although astronomical observations are 
subject to small inherent errors due to de- 
flection, control may be established at any 
point without reference to observations at 
another station, and, as such, astronomical 
observations are often used as control for 
mapping or as a means of determining 
boundary location. 

To date, 353 precise astronomical obser- 
vations have been made by the Geodetic 
Survey. These include 83 Laplace azimuth 
stations; 300 deflection points (including 
most of the Laplace points) for investiga- 
tions in isostasy; and 43 points as control 
for boundary demarcation, such as the 60th 
parallel between the Prairie Provinces and 
the Northwest Territories, or the Manitoba- 
Ontario boundary. 

There are about 1040 astronomic points 
scattered quite generally over the mainland 
of the Canadian Arctic and the southern 
fringe of the Arctic Archipelago. These 
points have been determined with second- 
order accuracy for control of small scale 
aerial mapping. These position determina- 
tions were made with a theodolite, using the 
equal altitude method which gives simul- 
taneous determination of latitude and longi- 
tude. 

The establishment, by this Survey, of 
numerous control points along the Arctic 
coast, the shores of Hudson and James bays 
and on many of the islands, has resulted in 
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many map coastline revisions. In general, 
the discrepancies in latitude were of much 
smaller magnitude than those in longitude. 
This is easily understandable when it is real- 
ized that, in early exploratory work, the 
longitude was determined by means of trans- 
portation of chronometers. Along the east 
coast of Hudson Bay, it was found necessary 
to revise about 400 miles of coastline be- 
tween Great Whale River and Norak Bay, 
the coastline being previously shown about 
30 miles too far west. Elsewhere in the area 
under consideration, the revisions were usu- 
ally of the order of three to six miles. The 
net result was that the area of Hudson Bay 
is now represented some 12,000 square miles 
greater than that shown on the maps of the 
1930 epoch. 

In order to provide control for soundings, 
charting, and navigational purposes, an 
astronomic party in 1954 accompanied the 
United States Navy’s Scientific Expedition 
into the Western Arctic, and again in 1955, 
the same party carried out similar duties 
with The Canadian Icebreaker “Labrador” 
in waters of the Eastern Arctic. 

Shoran Trilateration.—Since 1949 a total 
of 92 stations have been positioned by 
shoran. This has extended control from a 
network of first- and second-order triangu- 
lation in the southern part of the country 
to cover an area of more than 2,000,000 
square miles. 

The electronic instrumentation used in 
1949 and 1950 was the modified wartime 
equipment which has since been gradually 
replaced by hiran equipment. In 1956 it 
is hoped to be entirely on the latter basis. 

The shoran net is composed of 384 lines 
of 230 miles average length, with a maxi- 
mum length measured of 366 miles. It is 
based upon 18 fixed stations of the triangu- 
lation framework. The data have been as- 
sembled in toto to permit a unit adjustment 
of all shoran south of the Arctic coast. This 
adjustment is currently being reduced on 
the Univac by the U. S. Army Map Service. 

The adjustment of the data had been pre- 
viously made, by the Geodetic Survey, in 
3 parts with results which indicate accuracy 
at least as high as that of second-order tri- 
angulation. The extent of the net is so 
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great that the error in absolute position of 
the shoran stations cannot be assessed until 
chains of first-order triangulation reach the 
areas. The possibility of systematic error 
must also be taken into consideration. 

The pattern of stations is irregular since 
sites are selected on the basis of accessibility 
rather than mathematical symmetry. On 
the average the stations are somewhat less 
than 150 miles apart. In some inaccessible 
areas of the perimeter of the net adjacent 
stations are as much as 300 miles apart. In 
the area controlled by this net, a point 
selected at random would likely be within 
50 miles and would always be within 150 
miles of shoran control. Prior to the shoran 
net, the nearest horizontal control, other 
than astronomic, was as much as 1000 miles 
distant. 

Provisional 8- or 16-mile maps of most 
of this area, for aeronautical use, had been 
made previously, using trimetrogen photo- 
graphs and exploratory astronomic control. 
For economic development or military pur- 
poses, larger scale maps are necessary, and 
the astronomic control is inadequate. Many 
of the shoran stations have been used as 
ties for other surveys, even before reliable 
positions were available from the least 
squares adjustment. A few of the uses of 
this Shoran control follow: 


(1) Topographical mapping—In hilly or 
mountainous sections of the country, control for 
1:50,000 (or 1 mile) map sheets is obtained 
from third-order triangulation done with the ac- 
cent on speed instead of accuracy. These surveys 
benefit from ties to shoran control. 

(2) Shoran recorded photography. — A 
method has been developed whereby shoran co- 
ordinates are obtained for each photo of a 
vertical strip. Suitable points on these photos 
are then evaluated and used to control the verti- 
cal coverage in the area. This method can pro- 
vide horizontal control over a large inaccessible 
area faster than any other known method. In 
reconnaissance for the mid-Canada radar line in 
1954 this method was used to provide control 
for 1:50,000 maps along a strip nearly 800 miles 
in length across rugged terrain in Quebec and 
Labrador. 

Using eight stations of the main shoran net 
that had been fixed in 1953, and adding five 
more stations in carefully selected locations, it 
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was possible to provide control for shoran photo 
over an area of some 300,000 square miles. For 
this project vertical control was provided by 
Profile Recorder. Using this combination, topo- 
graphical maps of a very large area were drawn 
with the only ground occupation being the 13 
shoran stations. This example is the most 
dramatic application of shoran control that we 
have on record. From the start of measuring 
the basic net to production of topographical 
maps barely 18 months had elapsed. In other 
areas shoran recorded photography for topo- 
graphical mapping is proceeding in a more 
orderly fashion in large areas where the discov- 
ery of oil, gas, or minerals has necessitated a 
topographic mapping program on a “crash” 
basis. 

(3) Other applications: With the develop- 
ment of high precision bridging instruments and 
also that of analytical aerial triangulation, it is 
possible that shoran control points can be util- 
ized in still another way. 


Methods of Adjustment.—The geodesist 
has also been given the task of processing 
the data by more rapid methods, without 
loss of accuracy, so as not to delay produc- 
tion of cartography. Towards this an in- 
vestigation of methods of solving linear 
equation systems was pursued, having in 
mind the considerations: 


(a) Suitability of the method for the use of 
desk calculators, and 

(b) A method whereby several computers 
could work simultaneously and independently to 
achieve the solution in toto for the system of 
equations, 


The result of the investigation is charac- 
terized by two main features: 


(a) The selection of the Bjerhammar method 
of elimination, and 

(b) The arrangement of the system of equa- 
tions to obtain independent units, each of which 
contains approximately 15 equations. In the 
independent units the equations are arranged to 
obtain the maximum number of mutually ortho- 
gonal equations. 


The Bjerhammar method of elimination 
was chosen because: 


(a) It is a compact method with adequate 
checks or controls; 

(b) There is no change in procedure for com- 
puting and checking correlate values; 

(c) It contains the elements for modifying 


439 


the original equations in such a manner that the 
usual backward solution for correlates is elimi- 
nated. The modified correlates which are used 
with the modified equations are also contained 
in the elimination. This method is used for in- 
vestigating the differential effects of selected 
equations on the corrections; and 

(d) It contains the necessary elements for 
computing the inverse matrix of the normal 
equations, should it be required. 


In the arrangement, a system of equations 
is divided into units such that each unit has 
no direction in common with the other. 
The equations which are removed from a 
consecutive arrangement are placed after 
the independent sections and are used to 
unite these sections. The number and selec- 
tion of independent sections in an adjust- 
ment is more or less arbitrary and depends 
on the number of equations, the nature of 
the geometric figures, and the number of 
equations which can be conveniently han- 
dled as a group. For our present elimina- 
tion sheets (21 columns and 41 lines) we 
usually select a group of about 15 equations. 
This enables us to write the sectional normal 
equations and eliminations on one sheet. 
With this arrangement, the adjustment is 
assigned to several computers, and each has 
the advantage of working on a single sheet. 
An adjustment containing 75 equations was 
divided into five units, each of which was 
given to a man. The solution, which was 
completed in four days, was confined to ten 
sheets. 

Combination of the independent sections 
is a cooperative effort. For each row of 
the elimination several elements from each 
sheet must be transferred to other sheets 
before independent computations can be 
again commenced. The union of the sec- 
tions is accomplished in one of two ways: 


(a) The correlate values for the whole sys- 
tem are computed. This is achieved independ- 
ently for each section after transfer among the 
sections of a few elements. Corrections are de- 
rived independently for each section. 

(b) The corrections for the independent sec- 
tions are computed and the combining equations 
are modified. The partial corrections obtained 
from the modified equations are added alge- 
braically to the sectional corrections to obtain 
the corrections for the complete system. Thus 
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the usual backward solution for the whole sys- 
tem is eliminated, 


In each independent section we first tabu- 
late all the angle equations which will pro- 
duce mutually orthogonal normal equations. 
The remaining angle equations are tabu- 
lated next and finally the side equations. 
For a chain of quadrilaterals mutual orthog- 
onality can be obtained for approximately 
one-half of the total number of equations. 

It should be noted that orthogonal equa- 
tions are not altered when the method of 
modified equations is used. 

The advantages of this approach of ad- 
justment are as follows: 


(a) Large adjustments can be completed in 
a relatively short time, 

(b) The work of adjustment can be divided 
among several computers, 

(c) One computer can complete an adjust- 
ment in less time, 

(d) Computational errors are more quickly 
detected and corrected, and 

(e) The method of modified equations facili- 
tates the investigation of partial corrections con- 
tributed by specified equations. 


Long Lines.—Since the land of Canada 
extends almost to latitude 85°, it became 
necessary, in 1947, to investigate the suitabil- 
ity of formulas towards the calculation of 
azimuth and distance in high latitudes for 
the lengths of line which can be measured 
by electronic means. This led to an adapta- 
tion of Jordan’s formulas and to the con- 
struction of the necessary tables. 

With the shoran operations under way 
in 1949, little time was available to continue 
investigation of the extent to which the 
tables might prove ineffective in securing 
accurate results of calculation as higher 
latitudes were approached. Previous to 
publication* the accuracy of formulas and 
tabular values had been tested in applica- 
tion to a line 1,446 miles in length situated 
in mean latitude 70° with resulting discrep- 
ancies of 0.001 in latitude, 0”.001 in longi- 
tude, and 0’.000 in azimuth. 

Since the shoran trilateration is now being 
extended beyond latitude 70° the matter 
has been further investigated with the re- 
sults indicated in the tabular statement. The 
method of Sodano and that of Bodemuller, 
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which is an extension of Helmert’s formulas 
to apply to lines of great length in any lati- 
tude, have been used as the yardstick. Both 
of these methods require 10-figure compu- 
tation. The Canadian method is based on 
8-figure logarithmic computation. Slight 
discrepancies due to errors in the 8th place 
after the decimal point may affect the result 
and show in the comparison. Methods used 
for computing geographic positions in con- 
ventional triangulation are not adequate. 

The greatest discrepancies in the Cana- 
dian application occur in the azimuths of 3, 
but these are not considered significant in 
shoran in medium latitude and less so in 
high latitude. The extent of the converg- 
ence in this example directs attention to the 
fact that the discrepancies are most insig- 
nificant. 

We are now convinced that the formulas 
and tabular values are sufficiently accurate 
for lines of shoran length for the latitude 
range of 40° to 85°. 


PRESENT STATUS 


The illustrations permit a rapid assess- 
ment of the extent to which the Geodetic 
Survey has contributed control towards bet- 
ter maps. The vast area of the north is 
gradually being delineated accurately 
through the information supplied by the 
photo-coverage and the control which is in- 
creasing throughout the area. At the pres- 
ent, photo-coverage exists for the entire 
country, of which about 70% is vertical, 
25% is trimetrogon, and the rest is a rem- 
nant of the older oblique photography. 

The basic control is in a period of tran- 
sition. Exploratory astronomic fixation is 
deficient in many ways for mapping control. 
Precise astronomic fixation, as its name sug- 
gests, is more accurate instrumentally, but 
nevertheless difficulties also arise in its use, 
due to the defiection of the vertical. The 
shoran trilateration is superior to astronomic 
fixation, but it will have to give way ultim- 
ately to first-order triangulation. 

Electronic measurement of length is in 
its infancy, but within a few years it may be 
possible to break down vast areas by precise 


* Geodetic Problems in Shoran—J. E. R. Ross. 
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traverses of electronic length measurement methods, thereby increasing the density of 
and angular observations between control control of an accuracy sufficient for most 
points to a degree not visualized by present purposes. 


COMPARATIVE RESULTS OF INVERSE CALCULATION 
OF LONG LINES IN HIGH LATITUDE* 


Lat. Long. Formulas Azimuth Length (m.) Azimuth 
1 80° 98° (a) Canadian Geo- 25° 12’ 22” 322 537,861.551 225° 01’ 38.175 
detic Survey 
84 78 (b) U.S. Army Map 22” 323 1.547 38.179 
Service 
2 78 98 (a) 77° 45’ 53.411 576,105.153 282° 14” 067.589 
78 73 (b) 53”7.411 5.108 067.589 
3. 85 100 (a) 40° 06’ 277.322 855,195.04 319° 53’ 32.678 
85 00 (c) Bodemuller 277.349 855,195.18 32/”.651 
(Helmert) 
4 72 85 (a) 13° 53’ 39.429 —1,661,053.95 238° 20’ 12.231 
85 40 (c) 39.428  1,661,054.14 212 
5 72 0 (a) 1,451,443.68 
85 0 (c) 1,451,443.69 


* Clarke 1866 Spheroid 

(a) Geodetic Problems in Shoran, J. E. R. Ross. 

(b) Inverse Computation for Long Lines, Tech. Report No. 7 (205233), Sodano. 
(c) Publication Nos. 13 and 18, Series B, German Geodetic Commission. 


(Continued on page 442) 
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New Optical Reading 
PARAGON SELF-INDEXING ALIDADE 


@ A pendulum sets the indices. 


@ The observer sees brilliantly illuminated, 
widely spaced graduations. 


@ Magnificent Optics. 


@ Two to three times greater accuracy — by test. 


Two STYLES 
Pedestal Type « Explorers’ Type 


NEW YORK + HOBOKEN, N. J. - CHICAGO - ST. LOUIS - DETROIT - SAN FRANCISCO - LOS ANGELES + MONTREAL 
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The National Mapping Program— 
A Review of Progress 


By GERALD FITZGERALD’ 


CHIEF TOPOGRAPHIC ENGINEER, U. S. GEOLOGICAL SURVEY 


N 1777 the Continental Congress author- 
ized the appointment of a surveyor to 
“take the sketches of the country and the 
seat of war.” Each year since then the 
Federal Government has made some prog- 
ress in surveying and mapping its vast 
domain. Much of the early work, before 
the Civil War, was done under the direction 
of the Corps of Topographic Engineers of 
the Army. After that war, several new or- 
ganizations were created to carry on geo- 
graphic and geologic explorations, princi- 
pally in the western part of the country. 
The most important of these organizations 
were the Hayden, Wheeler, Powell, and 
King Surveys. In 1879 they were super- 
seded by the United States Geological Sur- 
vey, largely as a result of a recommendation 
by the National Academy of Sciences. 
After discussing the functions of the new 
organization with members of Congress, the 
first Director of the Survey, Clarence King, 
concluded, in part, that “The intention of 
Congress was to begin a rigid, scientific 
classification of the lands of the Public Do- 
main for the general information of the peo- 
ple of the country, and to produce a series of 
land maps which would show all those fea- 
tures upon which the intelligent agricultur- 
ists, miners, engineers, and timbermen might 
hereafter base their operations, and which 
obviously would be of the highest value to 
all students of the political economy and re- 
sources of the United States.” And so the 
systematic mapping of the United States 
and its possessions became a major responsi- 
bility of the Geological Survey. 


Presented at the Sixteenth Annual Meeting, 
American Congress on Surveying and Mapping, 
Washington, D. C., March 19-21, 1956. 

1Publication authorized by the Director, U. S. 
Geological Survey. 


EARLY TOPOGRAPHIC MAPPING 


Major John Wesley Powell, the second 
Director of the Survey, can be credited with 
establishing what we now call the National 
Topographic Map Series. In 1884 Powell 
appeared before the Appropriations Com- 
mittee of Congress and estimated that the 
Survey could map the United States com- 
pletely in 24 years at a cost of $18,000,000. 
Although Congress did not see the necessity 
of the broad program suggested by Powell, 
it has annually appropriated funds specifi- 
cally for topographic surveys. 

Under Powell’s leadership, specifications 
were prepared for the topographic map 
coverage of the United States. By 1885, 
work was in progress on three series of maps. 
The 1-degree quadrangle series, at the scale 
of 1:250,000, was used for undeveloped 
areas, mainly in the West. The 30-minute 
quadrangle series, at the scale of 1: 125,000, 
was used for areas of average detail and de- 
velopment. And the 15-minute quadrangle 
series, at the scale of 1:62,500, had already 


‘been adopted for the mapping in Massachu- 


setts and New Jersey. The inadequacy of 
the small-scale of 1:250,000 was soon recog- 
nized, and only a very few areas were 
were mapped at that scale after 1889. 

In the early days of the Survey, a topog- 
rapher was equipped with a rather crude 
planetable on a tripod, an 8-inch open-sight 
alidade, and a light mountain transit. Ba- 
rometers were used for determining eleva- 
tions until the vertical-angle arc was added 
to the new telescopic alidade. Coast and 
Geodetic Survey triangulation was supple- 
mented by less accurate surveys to provide 
the necessary horizontal control. In 1896 
Congress authorized the Geological Survey 
to establish control elevations by spirit level- 
ing and to set permanent bench marks. In 
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the early 1920’s, photogrammetry based on 
aerial photographs began its long, vital, and 
eventually predominant association with 
topographic mapping. 

Although the period between the two 
World Wars brought many improvements in 
methods and techniques, the mapping pro- 
gram as a whole lagged badly. Seldom 
were enough funds available for producing 
a hundred quadrangle maps a year. In 
1925, Congressman Temple of Pennsylvania 
introduced a bill that provided for complet- 
ing the map coverage of the United States 
in 20 years. The Temple Act became law, 
but funds were not appropriated to support 
it. World War II found the Nation’s map- 
ping agencies unprepared to meet the needs 
for military operations and civil defense. 

World War II, however, succeeded in 
accomplishing what World War I had ap- 
parently failed to do—it demonstrated con- 
clusively that maps are critically needed and 
that a production rate of a hundred maps a 
year cannot even keep up with the rate of 
obsolescence. To meet the unprecedented 
demand for topographic maps, the Army 
Map Service was established and the map- 
ping facilities of the Coast and Geodetic 
Survey, Tennessee Valley Authority, Forest 
Service, and Geological Survey were all ex- 
panded. The Bureau of the Budget set up 
a special office for the purpose of coordin- 
ating the mapping activities of Federal bu- 
reaus and establishing standard specifica- 
tions for maps in the National Topographic 
Map Series, which were designed to serve 
both military and civilian needs. 

Scientific and engineering research, which 
has been so successful in developing methods 
that combine precision with mass produc- 
tion techniques, was also applied to the 
problem of meeting the demand for topo- 
graphic maps. Photogrammetry became an 
even more important part of mapping pro- 
cedures. But it was not until the postwar 
era that mass production methods really be- 
came effective in producing maps. 


MAPPING IN THE POSTWAR ERA 


Our expanding economy and growing 
population have constantly increased the 
demand for new industrial plants, power 
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facilities, improved highways, homes, shop- 
ping centers, churches, schools, and recrea- 
tional areas. More and better maps were 
needed to investigate, plan, and build all 
these new developments. And, at the same 
time, the high-priority map requirements 
of the Department of Defense continued to 
grow. 

Another factor complicated the problem 
of supplying the required maps—namely, 
the far greater demand for larger scales. 
Before Pearl Harbor, the 15-minute maps 
at the scale of 1:62,500 were adequate for 
most needs. But in the postwar period, 
most users preferred the 72-minute maps 
at the scale of 1:24,000. The increased 
cost of larger scale maps has greatly reduced 
the map coverage possible with available 
funds. As the agency primarily responsible 
for domestic mapping, the Geological Sur- 
vey has had to consider all these problems 
and develop an organization that can cope 
with them. 

The Topographic Division is one of the 
four technical divisions of the Geological 
Survey. Since 1946, the Division has con- 
sisted of a staff headquarters office in Wash- 
ington; a Special Maps Branch, also in 
Washington; and four regional field offices, 
in Arlington, Va., Rolla, Mo., Denver, 
Colo., and Sacramento, Calif. The Wash- 
ington staff develops long- and short-range 
plans, coordinates the mapping program, 
directs research in equipment and _tech- 
niques, prepares map specifications, and de- 
velops standard mapping procedures. The 
four regional offices plan the detailed map- 
ping operations, prepare the map manu- 
scripts by photogrammetric and field meth- 
ods, and supply finished materials for 
reproduction. The Special Maps Branch 
prepares small-scale maps and charts, in- 
cluding—at the present time—maps of 
Antarctica in connection with the Interna- 
tional Geophysical Year and the operations 
of Task Force 43. Map materials prepared 
in the four regions and Special Maps Branch 
are printed and distributed to the public by 
the Publications Office of the Survey. 

To greatly expedite the completion of 
topographic map coverage for the country, 
a general plan was formulated 10 years ago. 
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This plan includes the following important 
elements: 


(1) Use of the most modern techniques in 
preparing the maps; 

(2) Adoption of engineering standards of ac- 
curacy for all surveys and maps; 

(3) Greatly expanded activity in research and 
development to provide new instruments 
and techniques that are both more accurate 
and more economical; 

(4) Planning and controlling the production 
operations so that field and office forces are 
used efficiently and the peaks and valleys 
of the production schedule are reduced to 
a minimum. 


It can easily be seen that carrying out this 
plan is a formidable undertaking. The 
work program now contains some 10,000 
authorized quadrangles, and all the produc- 
tion phases, from initial planning to final 
reproduction, must be kept reasonably well 
balanced over a period of 4 to 6 years. 

Production has been designed to take the 
fullest possible advantage of photogrammet- 
ric procedures, although conventional field 
surveys are still needed to provide ground 
control and to complete the content of the 
maps. The major phases of the production 
cycle are aerial photography, control sur- 
veys, photogrammetric compilation, and 
field completion surveys. The finishing op- 
erations consist of color separation by scrib- 
ing or drafting, map editing, and reproduc- 
tion by photolithography. 

Although the general methods used today 
do not differ radically from those of 10 
years ago, they have been modified consid- 
erably through research and development. 
For example, the staff section of photogram- 
metry has devoted its research and develop- 
ment efforts toward exploiting the possibili- 
ties of photogrammetry. A coordinated at- 
tack was made on three major fronts—aerial 
photography, photogrammetric instruments, 
and techniques and standards. By consider- 
ing the interrelated effects that these ele- 
ments have on each other, the concept of a 
unified photogrammetric system was evolved. 
Consequently, the development work on each 
separate element proceeded at a controlled 
pace so that its effect on the complete 
system could be fully evaluated. 


449 


Successful photogrammetric mapping de- 
mands high-quality photographs. More- 
over, the photographic coverage must be 
intelligently planned for maximum efficiency 
and economy in the ground control and 
photogrammetric compilation phases. Sig- 
nificant improvements in the last decade 
include new cameras and lenses, twin cam- 
era mounts, new techniques for calibrating 
cameras, and better methods of flight plan- 
ning. These improvements have paid large 
dividends in the form of better mapping 
photographs. 

Stereoscopic plotting equipment has re- 
ceived the lion’s share of attention in the 
past 10 years. The multiplex and its ac- 
cessories, the diapositive printer and tracing 
table, have all been greatly improved. A 
new plotter developed by H. T. Kelsh and 
other members of the Geological Survey 
has made an important contribution to 
stereomapping and is widely used by gov- 
ernment agencies and private industry. 

Perhaps the most important new develop- 
ment in photogrammetric mapping is the 
perfection of a system for effectively using 
twin low-oblique photography. A key ele- 
ment in this system is the new ER-55 pro- 
jector, used on the Twinplex plotter for 
stereotriangulation and on the ER-55 plotter 
for compiling map detail. The system as 
a whole provides one of the most efficient 


and modern means for compiling medium- 


and small-scale topographic maps. 

Other developments that have increased 
map accuracy and decreased costs are var- 
iable-ratio pantographs for use on direct- 
projection stereo-plotters and stereotemplet 
triangulation, a new and highly effective 
tool for the photogrammetric extension of 
ground control. Another recent develop- 
ment is the orthophotoscope, which converts 
conventional perspective photographs to the 
equivalent of orthographic photographs. 
Mosaics prepared by the orthophotoscope 
are expected to find wide application in 
mapping, engineering, geology, forestry, and 
other scientific fields. 

The basic procedures for control surveys, 
which are relatively costly, have not changed 
materially in the past 10 years. Much ex- 
perimenting has been done with new instru- 
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New photogrammetric instrumentation. ER-55 projectors, arranged for the compilation of con- 
vergent low-oblique photography, mounted on a standard multiplex frame. 


ments and techniques, including those that 
employ electronics in measuring heights and 
distances. Thus far, however, most of these 
new developments have not yet proved eco- 
nomical in providing control for other than 
reconnaissance mapping. On the other 
hand, helicopter transportation has greatly 
facilitated fieldwork in many areas, parti- 
cularly in the Western States and Alaska. 

An important new development in cartog- 
raphy is the technique known as scribing, in 
which map details are engraved through a 
semiopaque coat of paint applied to a sheet 
of clear plastic. This technique is quite 
similar to the negative engraving that has 
long been done in photolithographic repro- 
duction processes. Scribing has already 
been fully adopted in the color-separation 
phase of map finishing, where it has both 
improved the appearance of the maps and 
greatly increased the rate of production. 
Scribing has also largely superseded pencil- 
ing or inking in the stereocompilation and 
field completion phases. An investigation 
is now underway to determine whether it 
is feasible to separate the map colors at 
the time of photogrammetric compilation. 
If successful, this procedure will further ex- 
pedite production and reduce costs. 


A DECADE OF PROGRESS 


The topographic map production of the 
Geological Survey has increased tremen- 
dously during the past 10 years. As already 
mentioned the average output before World 
War II was no more than a hundred maps 
a year. During fiscal year 1946, the begin- 
ning of our 10-year period, about 200 quad- 
rangle maps were published. The annual 
production rate has increased steadily so 
that we can report a total of nearly 1,600 
maps for 1955. 

This increase in production over the pre- 
war rate is, of course, closely related to the 
increase in available funds. From $5,000,- 
000 in 1946, funds for topographic mapping 
rose to a maximum of $17,500,000 in 1952, 
which includes a transfer of $4,000,000 from 
the Department of Defense. In 1954 and 
1955, available funds leveled off at about 
$14,700,000. 

Although production is geared to funds, 
the relationship between the two has not 
been directly proportional in the past few 
years. Even with a decrease in funds, pro- 
duction has continued to increase materially 
for two important reasons. The first is that 
our operational force is more stable and 
better trained, and the second is that our 
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shown at the right. At the left is an up-to-date T-2 theodolite used in current USGS surveying. 


research and development program is paying 
off. 

The total funds for topographic mapping 
include those made available through co- 
operative agreements with States and local 
governments. Cooperative funding is on 
a 50-50 basis, with the Survey supplying its 
share from direct appropriations. Coopera- 
tive funds have increased from $468,000 in 
1946 to $1,233,000 in 1955, at which time 
33 States and Puerto Rico were cooperating. 
This type of program has contributed sig- 
nificantly toward the completion of the 
National Topographic Map Series and has 
been a part of the overall mapping program 
of the Survey since 1884. 

Mapping requested by the Department of 
Defense has occupied about half the capac- 
ity of the Survey during the past decade, 
and mapping now planned to meet military 
requirements will not be completed until 
1965. This program includes mapping in 
all 48 States, Alaska, and Hawaii and totals 
nearly a million square miles. 


In 1946, mapping was started in the Mis- 
souri River Basin as part of the development 
plan for that area. About 80,000 square 
miles of the Basin have been mapped, and 
the program is still in progress. 

Notable contributions to the national 
mapping program have been made by sev- 
eral Federal agencies other than the Geo- 
logical Survey. In addition to providing 
the basic framework of first- and second- 
order control, the Coast and Geodetic Sur- 
vey has prepared manuscript copy for the 
72-minute map series in connection with 
its hydrographic surveys of many of our 
coastal areas. The Army Map Service has 
made standard-series quadrangle maps of 
many high-priority areas in the States and 
Alaska. Within the next few years the 


U. S. 1:250,000 series, an Army Map Serv- 
ice project, will provide the first uniform- 
scale topographic map coverage of the 
entire country. The Forest Service and 
Tennessee Valley Authority have made im- 
portant contributions by mapping limited 
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areas in which they have a special interest. 
The national mapping program is coordi- 
nated under the supervision of the Bureau 
of the Budget so that all the maps produced 
meet uniform specifications and are pub- 
lished as a part of the National Topographic 
Map Series. 

In addition to preparing and publishing 
more than 10,000 maps in the 7- and 15- 
minute series, several other major projects 
have been undertaken in the past 10 years. 
The Alaska Reconnaissance Series, at the 
scale of 1:250,000, was compiled at high 
speed from existing source material to pro- 
vide complete, uniform coverage for the 
600,000 square miles of the Territory. Also, 
since 1948 more than 100,000 square miles of 
inch-to-the-mile mapping have been com- 
pleted in the more important parts of 
Alaska, and nearly 500 quadrangle maps 
have been published. As the Department 
of Defense has placed a high priority on 
mapping in Alaska, the current program 
calls for an additional 300,000 square miles 
of inch-to-the-mile mapping by 1962, plus 
complete revision of the provisional quarter- 
million-scale maps. 

Specifications and standards for the 
1:500,000-scale State base maps have been 
revamped, and many of the new maps have 
been published. Others are in preparation 
and will be completed as new source data 
become available. Most of these maps will 
be published with relief shading. 

In response to widespread demand, spe- 
cial-format maps of our more important 
cities are being prepared for publication at 
the scale of 1:24,000. These maps are es- 
pecially suitable for use in civil and military 
defense activities. 

At the request of the U. S. Air Force, the 
Special Maps Branch has compiled small- 
scale maps and charts of 71/2 million square 
miles in various parts of the world. It has 
also completed many special mapping proj- 
ects for other Federal agencies and for all 
divisions of the Geological Survey. 

The increased production of topographic 
maps and the wider knowledge of their 
availability have naturally enlarged the task 
of distributing them to the public. The 
annual rate of distribution has risen from 
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1,000,000 copies in 1946 to 3,200,000 copies 
in 1955 and is expected to reach 4,000,000 
copies this year. To meet this demand, the 
Survey has established three main distribu- 
tion offices, located in Washington, D. C., 
Denver, Colo., and Fairbanks, Alaska. 
These facilities are supplemented by 11 
other Survey sales offices in Western cities 
and by 425 commercial agents throughout 
the States and Alaska. 

In line with the expanding program of 
production and distribution, a better system 
has been established for determining the 
requirements of map users. Under this 
system, developed by the Survey in con- 
junction with the Bureau of the Budget, the 
20 or so principal map-using agencies of the 
Federal Government present 2nnual state- 
ments of their needs to the Survey. The 
needs of State agencies are also considered. 
In 17 States, mapping advisory committees 
have been set up to review the mapping 
situation in their States, recommend priori- 
ties, and consult with the Survey on speci- 
fications. Several more of these commit- 
tees are in the process of formation, and it 
is hoped that eventually all the States and 
Territories will be represented in this 
manner. 


THE FUTURE PROGRAM 


In 1946, a proposal for completing the 
topographic mapping of the country was 
presented to the Bureau of the Budget. It 
was estimated that about 25 percent of the 
United States was adequately mapped and 
that to complete the job would cost more 
than $400,000,000. 

Since then, much has been accomplished 
even though the funds available have been 
only about half the amount recommended 
in the 1946 plan. Moreover, costs have 
greatly increased for all the elements that 
go into the making of a map, such as 
salaries, transportation, and equipment. 
Nevertheless, during fiscal 1955, new map- 
ping was completed for about 4 percent 
of the country, and according to our current 
appraisal of published quadrangle maps, 
adequate coverage is now available for 
about 37 percent of the Nation’s area. 

Today we estimate that adequate topo- 
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graphic coverage can be provided for the rest 
of the United States in 17 years at a cost 
of about $220,000,000. This estimate is 
based on the following assumptions: 


(1) That funds will be made available at the 
present annual rate; 

(2) That the rate of accomplishment will 
proceed as expected; and 

(3) That the present concept of map scales, 
contour intervals, and content will remain 
adequate. It should be emphasized that the 
cost of a maintenance program of map re- 
vision is not included here. 


By adding the amount expended during 
the past 10 years to the present estimated 
cost of completing the job, we obtain a 
total figure of $328,000,000 as compared 
to the 1946 estimate of $400,000,000. Thus, 
a drop of almost 20 percent in estimated 
total cost has been achieved in spite of 
inflation, demonstrating the improvement 
in production efficiency that has already re- 
sulted from our research and development 
program. 

Despite the progress made since World 
War II, a great deal still remains to be 
done. With the job less than half finished 
and the necessary revision program far be- 
hind schedule, research and development 
must be continued in both photomapping 
and ground-surveying techniques. I am 
confident that the other Federal mapping 
agencies and the progressive commercial 
firms in the mapping field will continue to 
cooperate with the Geological Survey in 
working toward the early completion of 
the National Topographic Map Series. 


DISCUSSION 


Coronet Juuian D. Apett*—As Mr. Fitz- 
Gerald has pointed out, mapping within the 
United States began at the time of the Revo- 
lutionary War. We date the birth of military 
mapping with the appointment of Capt. Rob- 
ert Erskine as Geographer and Surveyor of 
Roads for the Continental Army. Subse- 
quent to the Revolutionary War, military map- 
ping was carried out in a rather spasmodic 
fashion. The establishment of the Corps of 
Topographical Engineers in 1838 provided a 
stimulus but the work of the Corps was devoted 


* Commanding Officer, Army Map Service 
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principally to the support of rivers and harbors 
improvement. After the merger of The Corps 
of Topographical Engineers and The Corps of 
Engineers during the Civil War, military map- 
ping made little progress. Even World War I 
failed to demonstrate decisively the need for 
military maps. 

It remained for World War II to emphasize 
that need. During that war the several War 
Department agencies engaged in mapping were 
combined to form the Army Map Service under 
the direction of the Chief of Engineers. Follow- 
ing the war, a long-range military mapping 
program was established to meet the require- 
ments of the Department of Defense for topo- 
graphic maps. The outbreak of the emergency 
in Korea forced an expansion of the program 
and demonstrated a need for more rapid execu- 
tion. The capacity of the Army Map Service 
base plant was increased, field offices were 
established to broaden the production base, and 
contracts were entered into with commercial 
firms. 

As previously mentioned, the mission of the 
Army Map Service is to provide the topographic 
maps required by the Department of Defense. 
The major part of the productive capacity of 
the Army Map Service is devoted to mapping of 
foreign areas. Domestic mapping is the re- 
sponsibility of the United States Geological 
Survey and very little capacity is devoted to 
large-scale mapping of domestic areas by the 
Army Map Service. We do undertake certain 
mapping for which there is an urgent need or 
covering military training areas, but by and 
large the requirements of the Department of 
Defense are met by the Geological Survey. Our 
arrangement provides for conversion of the civil 
edition to a military edition by the addition of 
the UTM grid and conversion to the standard 
military scale. 

Perhaps the major contribution of the Army 
Map Service to domestic mapping is the prep- 
aration of the 1:250,000-scale map series cover- 
ing the entire country. The program, compris- 
ing 468 sheets, is to be completed through the 
compilation stage by the end of 1957. In fiscal 
year 1955 and thus far in 1956, 176 compila- 
tions have been completed by stereophotogram- 
metric methods with 15 more to be completed 
by the end of the fiscal year. In addition, dur- 
ing this period, 42 sheets have been newly com- 
piled from existing larger-scale maps or have 
been photo-revised as. part of the continuing 
maintenance program. 

The Coast and Geodetic Survey, under co- 
operative arrangements with the Army Map 
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Service, is preparing a military edition at the 
scale of 1:500,000 covering the United States 
and parts of Mexico and Canada. They are 
preparing 73 of the 87 sheets in the project— 
Army Map Service has completed the other 14 
sheets. The military edition is being prepared 
using the Coast and Geodetic Survey 1:500,000 
Sectional Aeronautical Charts as a base, omit- 
ting the aeronautical navigational data and add- 
ing the UTM grid data, road route markers and 
Army Map Service marginal data. Estimated 
completion date for the project is 31 December 
1956. 

The Geological Survey, under cooperative ar- 
rangements with the Army Map Service, is pre- 
paring 1:1,000,000-scale maps from the com- 
pleted Army Map Service 1:250,000-scale 
maps. Fifteen (15) of the forty sheets covering 
the United States have been placed in work this 
fiscal year. 

Production of three-dimensional maps of the 
United States has continued during fiscal year 
1956. Fourteen 1:25,000-scale models have been 
completed, two of six scheduled 1:50,000-scale 
models have been completed and two 1 :250,000- 
scale models are in work. 

Due to the high priority of the Alaska map- 
ping, an Army topographic survey unit, the 30th 
Engineer Group, was assigned to Alaska to estab- 
lish field control in support of the large-scale 
mapping requirement of the area. This Group, 
under direct operational control of the Army 
Map Service, completed their mission with the 
close of the 1955 season. Sixty stereocompila- 
tions of Alaska at 1:50,000 scale have been 
completed by Army Map Service during fiscal 
years 1955 and 1956, utilizing the basic and 
supplemental ground control established by the 
30th Engineer Group. 

The Army Map Service is particularly inter- 
ested in improvement in equipment, procedures, 
and techniques. We have maintained close liai- 
son with the work of other agencies and our 
working relationships are most satisfactory. 

A current Army Map Service developmental 
project expected to have far-reaching effects is 
concerned with the derivation of a new value 
for the figure of the earth. A preliminary value 
has been computed. With the launching of the 
earth satellite and subsequent observations, the 
results of this work can be proved. The deriva- 
tion of this preliminary value was made possible 
by the acquisition of data on two long arcs. 
These arcs are a meridional arc extending from 
South Africa to Scandinavia—the so-called “Arc 
of the 30th Meridian”’—and a meridional arc 
extending from Chile to Canada. These arcs 
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were completed within the past three years and 
are the longest of their kind ever available— 
about 100 degrees in length. Based on an as- 
sumed flattening of 1/297, a value of 6,378,260 
meters for the semi-major axis was derived, 
This is about 100 meters smaller than the semi- 
major axis of the International Ellipsoid and 
tends to corroborate other recent studies on the 
figure of the earth in this respect. The root- 
mean-square uncertainty of this value is about 
100 meters, and is due primarily to an assumed 
uncertainty of +1 in the denominator of the 
flattening. 

In the field of photogrammetry, Army Map 
Service has recently devised a system of aero- 
triangulation designed to overcome the problem 
of inadequate and poorly-distributed control. 
In those cases where is is possible to plan and 
establish the geodetic control for the aerotri- 
angulation of a mapping project, the normal 
procedure is to adjust individually each photo- 
grammetric extension. This procedure is some- 
times impracticable, however, as circumstances 
frequently preclude the establishment of addi- 
tional mapping control, and the existing control 
to which we are restricted normally has a 
random distribution. Where this condition ex- 
ists, a homogeneous photogrammetric solution is 
accomplished for the area as a whole by suc- 
cessively joining adjacent extensions and finally 
adjusting the geometry of these data to the best 
mean fit of the existing geodetic control. Thus 
far, field checks of results achieved by this 
“area” method of triangulation indicate that 
accuracy requirements are being met. 

Mapping in the United States seems to be in 
a relatively healthy state. Steady progress is 
being made. New techniques are being devel- 
oped. Through close coordination, ideas are 
being shared and duplication of effort is elim- 
inated. 


Rear ApmiraL H. Arnotp Karo*—I am 
glad to have this opportunity of comment- 
ing upon the fine record achieved by Colonel 
FitzGerald’s Topographic Division of the Geo- 
logical Survey in extending the large-scale topo- 
graphic coverage of the United States. For the 
quarter century immediately preceding the 
stepped-up mapping program during the post- 
war period, little progress was apparent in ex- 
tending the basic topographic map coverage. 
During this time we all kept pretty busy in the 


* Director, U. S. Coast and Geodetic Survey. 
(Admiral Karo was unable to attend the session. 
In his absence, this discussion was read by Cap- 
tain Charles Pierce, U. S. C. & G. S.) 
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mapping business, but year-after-year we con- 
tinued to estimate adequate coverage at 25 per- 
cent. Now we have moved forward to 37 per- 
cent. 

This new momentum is most encouraging to 
all of us on the occasion of these joint annual 
meetings of the two leading mapping societies. 
Colonel FitzGerald can be justly proud of the 
part his Division played in this achievement. 

The new map coverage now being printed in 
an ever-increasing volume is an extremely im- 
portant contribution toward improving the aero- 
nautical charts of the United States. Our basic 
compilations for the sectional and WAC charts 
can be no better than the source material that 
we are able to obtain. Not only do we have 
the advantage of the large amount of new pub- 
lished coverage, but, through the excellent co- 
operation afforded the Coast and Geodetic Sur- 
vey by the Geological Survey, we have at our 
disposal the field sheets for all of the new map 
compilations well in advance of the published 
sheets. These photographic prints of manu- 
scripts include as many as 2,000 quadrangle 
areas. Now, through the courtesy of the Topo- 
graphic Division of the Geological Survey, we 
are able to use this wealth of unpublished ma- 
terial perhaps a year or so before it would nor- 
mally become available. 

I should also like to join Colonel FitzGerald 
in paying tribute to the substantial progress 
being made by Army Map Service in producing 
the 1:250,000-scale maps of the United States. 
Our appreciation is expressed to Colonel Abell 
in extending to us the same cooperation relative 
to the 1:250,000-scale maps as the Geological 
Survey has done in the case of the large-scale 
quadrangles. We receive photographic prints 
of the medium-scale manuscripts which are im- 
mediately incorporated into the aeronautical 
charts. Cooperative arrangements of this kind 
result from the very close contacts that are 
maintained between the Federal mapping agen- 
cies. 

The Coast and Geodetic Survey supports the 
national topographic mapping program, which 
Colonel FitzGerald has just discussed, with the 
establishment of the primary geodetic control 
networks of the United States. I would like to 
discuss brieflly details of this phase of the 
national mapping program. 

Our control activities have been going on 
since the time of Hassler, the first Superintend- 
ent of the Coast Survey. The Bureau had its 
beginning on 10 February 1807, when the Con- 
gress authorized President Jefferson to proceed 
with a “Survey of the Coast.” Even at that 
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early date, when the general art of surveying 
was relatively crude, the first head of the Bureau 
realized the magnitude of the job he was under- 
taking, and the first operation he undertook was 
the execution of a system of triangulation along 
the Atlantic coast. This early work developed 
into a rigid system of triangulation on which 
all detailed surveying operations thereafter un- 
dertaken could be controlled in accuracy and 
separate units could be accurately related to 
each other. That was the beginning of the 
control surveys in this country and from the 
very beginning all topographic and hydrographic 
work undertaken by the Coast Survey has been 
controlled by triangulation. 

The results obtained even in the earliest days 
were of such a high degree of accuracy that they 
are included in the present-day networks. These 
resultant data were used in due time by the Geo- 
logical Survey as the basic control for its topo- 
graphic mapping and were, of course, used in 
other engineering operations. Now there is 
scarcely any engineering work needing accurate 
positions, distances, and azimuths that is not 
based on precise triangulation. 

For many years the leveling and triangulation 
of the United States were extended at a very 
slow rate. This was due to a lack of demand for 
the data except for a few special purposes as the 
engineer and the public did not comprehend 
their value, even though not easily accessible. 
With the expansion, however, of the triangula- 
tion and leveling nets, demands for the results 
of the control surveys have increased rapidly. 

The first important extension of the work oc- 
curred in 1871 with the measurement of a trans- 
continental arc of triangulation which would 
give an accurate connection between the Atlantic 
and Pacific coasts of the United States and pro- 
vided data for a determination of the size and 
shape of the earth. A little later, when the 
Geological Survey was created and the need for 
topographic maps became pressing, the Coast 
Survey was charged with the execution of tri- 
angulation and leveling throughout the interior 
of the country, to serve the same purpose with 
respect to the topographic mapping program 
that they were already serving with respect to 
the nautical charting program. The significance 
of these continental surveys was recognized in 
1878 when the name of the Bureau received its 
present designation of Coast and Geodetic 
Survey. 

The triangulation and leveling networks of 
the country were necessarily accomplished on a 
piecemeal basis. Arcs and lines were extended 
along certain routes to meet special and local 


G 
iS- 
60 
od. 
ni- 
nd 
he 
ot- : 
ut 
ed 
the 
lap 
em 
rol. 
ind 
tri- 
nal 
to- 
ne- 
ces 
trol 
€x- 
n is 
suc- 
ally 7 
best 
‘hus 
this 
that 
e in 
s is 
vel- 
are 
lim- 
am 
ent- 
onel 
7 
opo- 
- the 
the 
post- 
ex- 
rage. 
the 
rvey. : 
sion. 
Cap- 


458 


needs. The plan of adjustment followed by all 
countries, including the United States, has con- 
sisted of first adjusting existing arcs and lines 
and then from time to time fitting in new work 
to the old. This plan worked satisfactorily until 
the nets became very much involved with many 
closed routes. Each piece of new work that 
closed a loop of triangulation or leveling had 
to take up all of the closing error of the loop. 
This resulted in excessive corrections being ap- 
plied to the new arcs and lines. While this plan 
worked satisfactorily for sparsely spaced arcs of 
triangulation and lines of leveling, it did not 
work well for nets that had many closed loops. 

In 1924 the Bureau devised a method for ad- 
justing large networks of triangulation. The 
first big adjustment was begun of the western 
half of the triangulation net of the country in 
1924. This work resulted in a new datum which 
became known as the 1927 Datum. Work was 
started immediately on the adjustment of the 
eastern half of the country which was an exten- 
sion of the 1927 Datum. This phase was com- 
pleted by the middle of 1932. 

The Temple Act, already referred to by Col- 
onel FitzGerald, was also significant in the geo- 
detic control program of the Coast and Geodetic 
Survey. At that time the control-survey pro- 
gram contemplated by the Temple Act recog- 
nized the need of national first-order triangula- 
tion coverage so spaced that in general no point 
in the United States would be distant more 
than 50 miles from a permanently marked point 
whose latitude and longitude had been deter- 
mined with first-order accuracy. Second-order 
control would be interspaced to reduce the dis- 
tances to not more than 25 miles. Similar net- 
works were envisioned by first- and second-order 
leveling, with benchmarks at frequent intervals 
along the lines run, with the whole so spaced 
that in general no point would be distant more 
than about 25 miles from a benchmark of ac- 
curately determined elevation above mean sea 
level. Present-day requirements of large-scale 
mapping have brought demands for much closer 
spacing of primary control. 

Great strides have been made in the execution 
of geodetic work in the United States during 
the past several decades. Since World War II, 
major effort has been exerted in Alaska toward 
completing the arcs of triangulation required 
by the Department of Defense. Emphasis in 
the United States is being placed on survey con- 
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trol required for the Federal mapping program 
and in support of water resources programs. 

I should like to mention the plane coordinate 
system which has been developed for each state 
to aid the local engineer or surveyor in using 
geodetic control data. Most of you are familiar 
with these systems wherein the latitudes and 
longitudes of geodetic control points are ex- 
pressed in plane coordinates so that the local 
engineer or surveyor can compute local surveys 
as though made on a plane surface and at the 
same time is assured that they are coordinated 
with the Federal network of control surveys. 

Control surveys must of necessity precede the 
basic topographic mapping program. We know 
that our programming would be more effective 
if we could project our work plan into the future 
by at least five and perhaps ten years. I realize 
that this is a matter to which we have all given 
careful attention. Colonel FitzGerald cannot, 
of course, foresee all of the requirements that 
will develop in the future for topographic map- 
ping or the many readjustments that are impera- 
tive in his program to meet changing condi- 
tions. Implementation of the Water Resources 
Policy study by the President’s Advisory Com- 
mittee is bound to have considerable impact on 
both control surveys and topographic mapping. 

Among the various applications of electronics 
for measuring distances and heights, mentioned 
by Colonel FitzGerald, is, of course, the geodi- 
meter which is making valuable contributions in 
precise measurements, especially for base lines. 
Progress is being made in the development of a 
portable-type measuring device especially ap- 
plicable for mapping control based on the prin- 
ciple of the geodimeter. This new light-weight 
instrument will be readily adaptable to field 
conditions. Furthermore, it will be suitable for 
daytime use, whereas our observations with the 
geodimeter are usually made at night. I believe 
that we will see substantial progress during the 
next few years in developing this type of instru- 
mental equipment. 

I also wish to mention the use of electronic 
computing equipment. We now have on order 
a new electronic computer which will greatly 
accelerate geodetic adjustments in the Coast 
and Geodetic Survey. This new piece of equip- 
ment will be in addition to the machines already 
in use in the Bureau. It affords an added ad- 
vantage in the analytic solution of photogram- 
metric problems in our own topographic map- 
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A Report on California’s Cooperative 
Mapping Program 


By TRACY L. ATHERTON 


DIVISION OF WATER RESOURCES, DEPARTMENT OF PUBLIC WORKS, 
STATE OF CALIFORNIA 


MERICANS got off to an early start 
in mapping California. Before the 
United States had publicly indicated any 
aspirations to acquire the territory, the Fre- 
mont Expedition carefully mapped portions 
of its route up the Colorado River and 
through the desert and mountains. No at- 
tempt had previously been made by the 
Spanish or Mexican inhabitants to prepare 
more than rough sketches of the coast and a 
few inland routes. The discovery of gold 
in the same year California became Ameri- 
can territory brought an immediate influx 
of people. Through the late 1850’s and for 
the next two decades, maps were pieced to- 
gether from many sources—General Land 
Office surveys, special mapping by county 
surveyors, exploratory mapping by the State 
Mineralogist, and geologic, topographic, 
and route mapping by special Federal com- 
missions. 

In 1879 the U. S. Geological Survey was 
established to take over the mapping and 
geologic exploration duties in the Western 
States and Territories of the several inde- 
pendent Federal surveys. From that time 
until the turn of the century the Survey ap- 
peared to confine its activities in California 
to the production of one-degree quadrangles 
of the mountain and desert areas. Some of 
these are still used in certain remote regions 
of the State but soon will be retired by mile- 
to-the-inch mapping. 

Cooperative topographic mapping began 
in 1903 when the State contributed $10,000 
to the Federal topographic mapping pro- 
gram. From that time forward the State 
has annually appropriated funds to aid the 
topographic mapping in California by the 


Presented at the Sixteenth Annual Meeting, 
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U. S. Geological Survey. The maximum 
pre-World War II appropriation was some 
$59,000 in 1933. The average annual ex- 
penditure from 1903 to the close of the last 
war was slightly under $14,000. During 
these 42 years the principal parts of the 
Central Valley were mapped at two inches 
to the mile. These maps facilitated the 
study and development of irrigation in the 
Sacramento and San Joaquin Valleys. In 
1933 the State proposed an acceleration of 
the mapping program and made $100,000 
available for matching funds; however, at 
that particular time Federal appropriations 
for mapping were cut instead of increased, 
and the program was curtailed instead of 
enlarged. 

In 1940 the California State Planning 
Board prepared an excellent review of the 
survey and mapping situation in the Statc 
and pointed out that “modern maps are 
technical tools essential to the efficient and 
economical operation of many governmental 
and private agencies” and that “nine major 
types of surveys and maps, now far from 
complete, require active, sustained support 
from the state.” War in Europe, the threat 
of involvement of this country, and a short- 
age of manpower kept the program from 
getting started. 

Two years later a Japanese submarine 
dropped a few shells into a California oil 
field, and the very same reason, the possi- 
bility of war, which nullified the appeal in 
1940, sparked into action an all-Federal 
mapping program in early 1942. When it 
appeared that modern maps of California 
might be required for maneuvering of 
troops, private companies and several gov- 
ernment departments were pressed into serv- 
ice to prepare maps rapidly by various pho- 
togrammetric processes. In this work some 
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accuracy was sacrificed for speed, and these 
maps are generally of a lower standard than 
peacetime topographic mapping. Also many 
outdated 15-minte quadrangles were revised 
with the aid of aerial photographs and 
sketching devices, utilizing the contours and 
basic planimetry of the earlier U. S. Geo- 
logical Survey planetable sheets. 


AN ACCELERATED PROGRAM 


In the latter years of World War II the 
California State Reconstruction and Re- 
employment Commission, acting through 
its Aerial Mapping Project Committee, 
thoroughly reviewed the topographic map- 
ping situation in California and recom- 
mended to the Legislature “early comple- 
tion of adequate basic maps to cover the 
entire area of California; maps to be made 
available through prompt publication; maps 
to be revised from time to time to keep 
abreast with the growth of the state.” 
These suggestions were well received, and 
an expanded topographic mapping program 
was implemented by the Legislature in 1945 
with, first, a biennial appropriation of 
$300,000, followed by annual appropria- 
tions of $300,000. Matching Federal money 
has been made available by Congress each 
year. The U. S. Geological Survey fully 
conducts the production of the maps—the 
State’s interest is handled through a liaison 
office. 

As can be seen on the chart, this acceler- 
ated program required several years before 
maps in numbers reached publication. It 
occasioned a sizeable and immediate expan- 
sion of the Pacific Region Office of the Geo- 
logical Survey. With the advent of the 
Korean crisis the military requested and 
secured an increase in topographic survey 
funds. This has materially assisted the pro- 
duction of California maps and should be 
credited as being responsible for current at- 
tainment of the production goals set in 
1945, offsetting the approximate doubling 
of salaries and wages which had occurred 
since the original estimate was made. 
Roughly 70 percent of the cost of a topo- 
graphic map is labor cost. 

Since the accelerated program began in 
1945, there have been completed, as of last 
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June 30th, a toal of 868 quadrangles of 
which 541 were aided by funds supplied by 
the State. A total of 74,684 square miles 
of the State’s 156,803 square miles, or 47.6 
percent, has now been mapped since the 
war. The work already completed is equiv- 
alent to mapping the states of Indiana and 
Ohio. Now we have left an area about 
equal to Illinois and West Virginia com- 
bined. 

The program is currently working on the 
tenth $300,000 State appropriation and by 
the end of this fiscal year the accelerated 
cooperative topographic mapping program 
will have cost the State and the Federal 
Government a total of six million dollars. 
This is about 50 cents per resident for the 
decade or approximately a nickel a year per 
person. 

Remarking on this nominal cost, the head 
of a large cement company says: “Even 
with the advent of relatively cheap aerial 
surveys, the cost of complete mapping would 
be economically impossible for most indus- 
trial outfits.” 

The need for maps is universal. Maps 
are required for military operations, engi- 
neering enterprises, industrial development, 
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geological exploration, forestry, agriculture, 
and the conservation, utilization, and devel- 
opment of all natural resources. 


DETERMINING MAP NEEDS 


In order to determine if California’s topo- 
graphic mapping needs were being met by 
the quadrangles, the State Engineer sent out 
a questionnaire in January 1956 to 1,600 
public officials, consulting engineers, map- 
sales agencies, engineering contractors, land 
surveyors, timber companies, oil operators, 
appraisers, and other categories. 

To the fifty uses provided in the check 
list, correspondents added an additional 
twelve or fifteen— 

A county assessor tells us: “Quadrangle 
maps are of particular value to us in devel- 
oping information on future land use.” 

A farm advisor states: ‘Topographic 
maps are a must in any agricultural plan- 
ning.” 

Another farm advisor says: “Many times 
we have used quadrangles for directing 
aerial pest-control work as the detail is so 
clear in them it assists greatly in directing 
pilots.” 

A Chamber of Commerce secretary says: 
“We find these maps very helpful for the use 
of prospective property owners; particularly 
those interested in industrial property.” 

A housing developer states: “We use these 
maps extensively in our subdivision work, 
both in land analysis and preliminary lay- 
out.” 

A large engineering contractor declares: 
“We often purchase U.S.G.S. maps as an 
aid in preparing bid estimates for construc- 
tion work and occasionally on going jobs 
to locate access roads and lay out line and 
grade. We find the maps very useful, es- 
pecially the later ones.” 

Another contractor says: “We use U. S. 
Geological Survey topographic maps for 
plant sites, quarry operations, and allied 
fields of construction.” 

And another contractor adds: “The im- 
portance of these maps cannot be over em- 
phasized.” 

These are big firms that build our high- 
ways, breakwaters, dams, and bridges. 
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It was also noted that the same men indi- 
cated use of quadrangles for hunting and 
fishing. In fact, the best-selling quad- 
rangles in California are recreation quad- 
rangles—the Yosemite Valley and the Se- 
quoia and King Canyon, each about 7,000 
annually. 

Two land surveyors say: “I use quads 
almost daily and am sure there is a great 
saving in money and time to myself and 
clients also.”—“The great store of data on 
quad maps has been a continuing engineer- 
ing cost saver for me.” 

And another adds: “U.S.G.S. quad- 
rangles are essential to the operation of any 
surveying or engineering office. We have 
found the 72-minute quadrangle valuable, 
and particularly useful.” 

A seismologist states: “We have a special 
interest in accurate mapping covering the 
San Andreas and other active faults; we be- 
lieve that mapping in such areas is of special 
economic value to engineers, economic geo- 
logists, and others.” 

A town engineer says: “Such maps are 
vital to many public works projects and the 
cost to perform privately is out of question 
on small projects (sewers for a small town, 
for example) .” 

The engineer for a small irrigation dis- 
trict writes: “Quadrangle sheets forming a 
composite map of the central portion of El 
Dorado County, our particular area of in- 
terest, receive more use on a daily basis 
than almost any other maps which we have. 
Without this map we would be completely 
lost. We do not have funds to do the map- 
ping necessary to replace it and therefore 
we would try to get along without it, but 
to attempt to do this would be like trying 
to work in the dark.” 

And the engineer for a larger district says: 
“We find these maps of considerable use; 
they save our taxpayers many dollars in 
surveys which we would otherwise have to 
make.” 

While most people want the latest sheets 
available, one city engineer says: “We have 
found old U.S.G.S. maps to be of consid- 
erable value as a record of natural water- 
ways, swamps, etc., which have been par- 
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tially or wholly covered by recent improve- 
ments.” 

Earl M. Price and Co., which firm sells 
U.S.G.S. maps in Bakersfield has this to say: 
“Our views are the views of a company that 
sells a good many topographic maps at retail 
every year—not so much for the small profit 
in it as for the service it provides to cus- 
tomers who buy other products. We know 
that there is a large demand for these maps, 
and we keep on the shelf several copies of 
every topographic map we can lay hands on, 
covering any area in California, besides a 
small supply of areas in all states west of 
the Rocky Mountains. We are certain that 
the public makes a very great deal of use of 
these maps. We are enthusiastic, and per- 
haps zealous to a point where we might be 
thought biased. Topographic maps make 
intelligent planning possible at a negligible 
cost and cannot fail to contribute a great 
deal to the development of this State.” 

And here is the way a State Forester uses 
the maps: “Maps are a necessity in planning 
control efforts on large brush fires. It is 
by reading them that much of the determin- 
ation of probable fire behavior and time 
element is arrived at. This in turn enables 
fire fighters to pick proper geographic posi- 
tions to construct fire breaks. Maps are 
also used to show crew leaders how to reach 
an area and where to work. All County 
Headquarters and smaller unit stations must 
have maps by phones and in all vehicles.” 

Again let me quote: “The Sierra Club, 
Angeles Chapter, uses quadrangle maps for 
planning ski tours, knapsack trips, hiking 
trips, exploratory trips; and selecting bound- 
aries of areas proposed for Wilderness or 
Wild Areas; for studying proposed boundary 
changes of Natural Forests, National Parks 
or Monuments, or State Parks. The maps 
are a valuable asset for those who wish to 
explore unfamiliar territory for recreation.” 

An engineer at Barstow, the largest town 
on the Mojave Desert, makes the following 
request: “Topographic maps are invalu- 
able in the desert area. The only maps 
available are township maps, 100 years old 
in many areas. This office is continually 
visited by persons from Los Angeles wanting 
information on location of desert land. 
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Where U.S.G.S. maps are available we can 
help and are able to do a public-relations 
job. Where no maps are available the per- 
sons leave thinking we or anyone else in 
Barstow wouldn’t know our own fathers if 
we saw them. I certainly urge California to 
provide funds to continue the program to 
furnish more and more topographic maps.” 

And in the same area a title man says: 
“Many areas of San Benardino County not 
covered even by Bureau of Land Manage- 
ment surveys are in mining territory; min- 
ing work on records has increased over 
1000% in the last few years.” 

A communications engineer uses quad- 
rangle maps to eliminate dead spots in the 
State Highway Patrol radio net. He writes: 
“In connection with the radio field survey 
activities of the Communications Division, 
it is necessary to regularly employ topo- 
graphical maps on a statewide basis. Here- 
tofore, field actities have sometimes been 
handicapped by the lack of quadrangle 
sheets, particularly those pertaining to cer- 
tain mountain and desert areas.” 

Lumbermen are quite interested in the 
topographic mapping program. One says: 
“We own 85,000 acres of timberlands which 
are being operated and developed on a 
‘sustained-yield’ basis. Quadrangle maps 
are of great help.” 

Another gives a few more details: “. . . 
The purpose of this management is to main- 
tain the full productivity of these forest 
lands and thereby insure the continuous 
flow of forest products to the nation’s 
markets. 

“Accurate topographic maps are an essen- 
tial tool in this program. 

“Our method of harvesting forest prod- 
ucts requires the construction of an exten- 
sive system of high-grade truck roads. 
Topographic information is necessary in 
planning and locating these roads. 

“The detection and location of forest 
fires, insect attacks, and windthrown timber 
are facilitated by good topographic maps. 

“In fact, all phases of timber manage- 
ment from the planning of current and 
future operations to the maintaining ot rec- 
ords of past activities requires the constant 
use of maps of all kinds.” 
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Planning and preliminary design of any 
comprehensive water development is im- 
practical without topographic maps. Only 
with the aid of full and complete hypsomet- 
ric coverage can such a study become a 
sound engineering appraisal. In the ab- 
sence of such maps the Metropolitan Water 
District, in the 1930’s, was required to ex- 
pend $750,000 to obtain 100-foot contours 
of the Mojave Desert for preliminary plan- 
ning of the Colorado River Aqueduct. 
Even this large sum provided only single- 
use maps, unsatisfactory for publication be- 
cause they did not require the culture data 
to meet more general needs. 

Recently the California Division of Water 
Resources conducted a study for a proposed 
350 second-foot diversion 110 miles in 
length over a pass in the Coast Range using 
copies of quadrangle manuscripts at a map 
cost of $1,200. The estimated survey saving 
on this one job was $55,000. 

In 1940, the then State Engineer, Edward 
Hyatt, stated: “Existing topographic maps 
alone have saved the Division of Water 
Resources more than 24 millions.” 

Now that the Division’s water studies 
have extended beyond the central valleys 
to the rougher north and north coastal areas 
and in the light of increasing salaries and 
more detailed studies, this figure can be 
multiplied. 

The U. S. Bureau of Reclamation informs 
us that U.S.G.S. quadrangle sheets are ex- 
tremely useful. If they were not available 
a considerable amount of surveying and 
mapping would be required before prelim- 
inary decisions could be made. As it is, 
many studies are completed with only the 
information obtained from these sheets. 

F. V. Hollister, of the Union Oil Com- 
pany, sums up in a few words the experience 
of many large corporations: “By usage of 
the new quadrangle sheets at a trifling cost, 
Union Oil Company saves unknown thou- 
sands of dollars each year.” 

The replies to our questionnaire of Janu- 
ary 1956 are almost unanimously in ap- 
proval of the current topographic mapping 
program, and the suggestions voiced gener- 
ally had to do with supplying larger-scale 
maps of additional areas of the State. This 
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has always been the trend and the program 
will certainly be gauged to the requirements. 
Mapping at the larger scale costs roughly 
60 percent more per unit of area than map- 
ping at the smaller scale. However, the 
smaller-scale map will prove to be an ex- 
pensive expedient if within ten to fifteen 
years a larger-scale map will be required. 


KEEPING MAPS CURRENT 


Now, as was indicated above, the State 
of California is rapidly approaching a long- 
sought goal of full and current topographic 
coverage. However, before we reach the 
full coverage we will be obliged to enter 
upon a maintenance program to keep cur- 
rent some maps in metropolitan sections. 
Later, when the mapping of the State is 
complete, at least one-half of the present 
effort, on the present basis of planning, will 
be required to maintain them current. An 
outdated map is a source of misinformation. 

In 1951, the State Engineer adopted a 
map detailing the State into four categories 
arbitrarily identified as Urban, Agricultural, 
and Pastoral, all of which were to be 
mapped at a scale of two thousand feet 
to the inch, and Rural, to be mapped at 
a scale of one mile to the inch. The 
appellations are generally representative 
of each section. The three divisions of 
the larger-scale mapping area are for the 
purpose of assigning rates for frequency of 
maintenance revision. The density of popu- 
lation is a general basic index of the rate at 
which a map will require maintenance re- 
vision. 

The transportation nets in and around 
our cities are currently undergoing radical 
changes and are the principal reasons why 
the metropolitan quadrangles will require 
revision on at least an eight-year basis. 
Many other features such as land leveling 
and tract building influence large portions 
of a quadrangle. During the revision of 
one Los Angeles area quadrangle in 1953, 
changes were occurring at approximately 
the same rate as the field crew could dis- 
cover and record them. A request to send 
in the field sheet on a specific date was re- 
quired in order that the data assembled 
could be published. 
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The principal characteristic of the next 
group of maps is agriculture. In most of 
California this is synonymous with irrigation. 
Here the changes are less frequent than in 
the urban areas and for the present it would 
appear that the maintenance on a 15-year 
basis will suffice. 

The third group of guadrangles at two 
thousand feet to the inch covers areas of 
the State which may be devoted to agricul- 
ture when water is available, routes con- 
sidered for major aqueducts, and rural sec- 
tions traversed by trunk highways. A nom- 
inal 25 years is assigned to the maintenance 
period for this group. 

Some of the 1:24,000 mapping now in ex- 
istence is not scheduled for maintenance 
at this scale. Included in this category is 
special-purpose mapping such as the 1948 
base for geologic mapping in the Mother 
Lode country and various military ranges 
in the desert area. The contour data on 
these maps will change but little and will 
probably be as acceptable 50 years from now 
as at present. It would appear that the 
culture changes for a general-usage map 
can be adequately reported on the mile-to- 
the-inch compilations. 

Most of the desert and mountainous areas 
of the State are currently being mapped at 
1:62,500. These remote areas are but 
thinly populated and changes are not ex- 
pected to be frequent. Consequently, a 
25-year maintenance schedule has been 
adopted for this group. 

The general distribution into the above 
categories was assigned from the best in- 
formation available at the time the basic 
map was prepared. As the mapping of the 
State progresses a reappraisal is made each 
time a new project is added to the program. 
In some cases the scales are modified as a 
result of field inspection or on the basis of 
new general requirements. 

Another facet of the picture is the series 
conversion of 72-minute quadrangles into 
a 15-minute compilation as each four basic 
maps are available. Our first hope of full 
coverage at uniform scale lies in completion 
of the 15-minute series. To date a lack of 
adequate drafting capacity in the Pacific 
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Region has held this program at a stand- 
still during the last two years, but it must 
be resumed soon in order to clear up a 
rapidly accumulating backlog. 

This brief review of California’s exper- 
ience in topographic mapping has attempted 
to point up the salient facts: 

First—The road to a comprehensive and 
effective mapping program is sometimes 
long and difficult. 

Second—The appreciation of quadrangle 
sheets is universal among many different 
categories of map users, establishing the fact 
that the sheets adequately fulfill the broad 
general requirements for basic mapping. 

Third—Map maintenance, on an orderly 
but flexible plan, must be instituted early in 
the program to insure maximum efficiency. 

The day which will mark the successful 
achievement of the basic goal of the ex- 
panded topographic mapping program is 
the day wher a full and current 15-minute 
atlas of California, supplemented by a com- 
prehensive coverage of the cities, irrigated 
areas, trunk highways and the littoral at two 
thousand feet to the inch, is available to the 
public—and that day is not too far in the 
future. 


DISCUSSION 


Mr. WituiaMs (Geological Survey): Is your 
distribution handled entirely through your office 
or do you have agencies scattered over the state? 

Mr. ATHERTON: We have made no attempt to 
distribute the maps through the State office 
other than to make available an index of topo- 
graphic maps which are currently available for 
California. The free maps which are supplied 
by the Geological Survey to the State are distri- 
buted through our Department, but they amount 
to about 175 per sheet. The sales come through 
Denver, which is slightly inconvenient. Then 
we have two or three private outfits who supply 
maps in both Los Angeles and San Francisco, 
and they are pretty much on their toes, like the 
man I spoke about in Bakersfield. I list in our 
index each topographic map, and we list ap- 
proximately 30 or 40 stationery stores that 
handle, not a full set of maps, but a large num- 
ber of areas in which the customers seem to 
be interested. 

Now Mr. Bechert indicated that map sales in 
Indiana were about 5,000. I think he has only 
scratched the surface. Sales in California to 
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private people range in the neighborhood of 
250,000 at the present time, and one of our 
questions in the questionnaire was to this effect: 
How can we better get out information that 
maps are available? We received a great num- 
ber of answers in connection with that. There 
was only one man that objected to mapping and 
you might be interested in that. We asked what 
could we do to increase the mapping and he 
said: “Don’t do that. Stop making the maps. 
The Russians already know too much about 
California.” 

Mr. Cook (Maryland National Capital Park 
and Planning Commission): Mr. Atherton, I 
don’t believe this is a fair question, but in re- 
sponse to the questionnaire you speak of, I 
wonder what indication you got, particularly 
from urban areas, as to preference for larger- 
scale maps. 

Mr. ATHERTON: I don’t believe that we re- 
ceived any suggestions for larger than the 2,000- 
feet-to-the-inch map. However, the areas cov- 
ered in California may be a little greater than 
here. As it is, you couldn’t hope to get the 
Los Angeles area on even a 15-minte sheet. 

Mr. Coox: That is true. But in smaller 
areas, such as some towns, we are thinking of 
trying to promote a map of 200 feet to the inch. 

Mr. ATHERTON: For other purposes, it is true, 
you may want larger-scale mapping of particular 
areas. 

Mr. Cook: This is for planning uses, but we 
are thinking of it on a county basis now, which, 
of course, might amount to as much as 500 
square miles. The cost of the maps tends to 
scare everyone away, but we are working along 
that line. 

Mr. ATHERTON: We have had 1:24,000 sheets 
pieced together for Contra Costa County, and 
in Santa Cruz County I think they are preparing 
double-scale (that is, 1000-feet-to-the-inch) 
blow-ups of the maps as they are published. 
But for construction purposes—for instance, in 
connection with the Feather River project and 
the design of the canal—the Division of Water 
Resources contracted for 200 feet to the inch 
with five-foot contours for a considerable strip 
down through the State. 

Mr. Cook: We are thinking of some type of 
questionnaire along that line locally and I was 
wondering whether you got any indication from 
this one that some users would prefer to see 
more money spent for large-scale maps. 

Mr. ATHERTON: There may be a few that are 
quite vocal about that, but if you are going to 
map the whole area and need a map for this 
section, you would be better off at 1:24,000 with 
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a double blow-up. If you get the large-scale 
map you have too much paper to handle for 
many operations. That, I believe, is something 
for local areas to develop for their local plan- 
ning maps. 

Mr. WituiaMs: Do you get any material that 
is on a scale larger than the 1:24,000 publica- 
tion scale? That is, do you get preliminary 
material in larger scale? 

Mr. ArHerton: I spoke of $55,000 approxi- 
mately that was saved on one 110-mile pipeline 
job. That was with 20-foot contours; the manu- 
script had just been completed and it was blown 
up to 440 feet to the inch. As it was a line 
under pressure, we had a choice of a head of 
approximately three to four hundred feet, since 
it was pipe rather than canal. If it had been 
a canal, probably we would have needed a 
smaller contour interval than the 20-foot in- 
terval, which the sheets gave. 

CuamMan Drunor: Mr. Bechert, do you 
want to say anything about the number of maps 
that Mr. Atherton tells us they sell—250,000 a 
year? I don't believe the figure you mentioned 
can be compared to this—that is only from one 
place, isn’t it? 

Mr. Becuert (Indiana Department of Con- 
servation): That’s right. We do distribute maps 
and that is the total of our sales. Maps are dis- 
tributed in Indiana by a couple of other map 
companies. Then, of course, many people write 
directly to Washington for maps, so the total 
must be considerably more. I was very much 
surprised by the tremendous sales in California. 

Regarding this large-scale map business, there 
is some desire in Indiana in some of the smaller 
This is not 
practical under our present program because of 
the increased cost. However, in one or two in- 
stances, the cities themselves have paid the 
difference in cost to map on a five-foot contour 
interval rather than the standard 10-foot in- 
terval. This helps considerably, especially if 
those maps are blown up. That might be one 
of the answers to your problem. 

Mr. Coox: The same scale? 

Mr. Becuert: Yes, but they are maps with 
closer contour intervals and if you blow those 
up you do have a better map for planning needs. 

Mr. ATHERTON: I should add, on that 200 
and some odd thousand, there are about a hun- 
dred that go to standard distribution. 

Drunor: In addition to that? 

Mr. ATHERTON: Yes. 

Drunor: That is certainly an 
enormous thing. I am certainly glad to hear 
about that questionnaire you sent out. We 
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looked it over pretty carefully, and we are in 
the market for such things, to find out how 
people are using the maps. 

Mr. Becuert: I'd like to ask Mr. Atherton if 
he has any copies of that questionnaire with him. 

Mr. AtHerton: Yes, I have. I might say 
another thing in this connection: The answers 
were unanimously in favor of the mapping pro- 
gram even when the individual answering was 
not a map user. - And then we had other situa- 
tions, such as when we circulated them to all 
the County Superintendents of Schools. We re- 
ceived answers from three or four stating that 
they used the maps to show the outlines of 
school districts; to shift the boundary of a school 
district; or for bus routes and so forth. We plan 
to write to the others in that group who can’t 
seem to find any use for the maps and tell them 
what the few who have replied are doing with 
the maps. That is a way to increase the use of 
maps. We looked for a way to put maps into 
the schools, but we haven't solved that problem 
yet. 

CuHamMaANn Drunor: Mr. Striker, I wonder 
if you could tell us, regarding this rather inter- 
esting matter of distribution, the number of 
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maps published annually now and the number 
of copies? 

Mr. Srriker (Geological Survey): I couldn’t 
tell you the total number of copies, but we nor- 
mally print about three or four thousand copies 
of each map for the first printing. That will 
vary depending upon what sales have been over 
the past several years in that particular area. 
We try to print, at first at least, a five-year 
supply and sometimes a ten-year supply, the 
best that we can calculate. We print about 
1,500 new maps a year, plus about five to seven 
hundred reprints. Reprints are, of course, get- 
ting to be a bigger item all along. There are 
more new maps and, of course, there are more 
reprints needed too. But, as to the total num- 
ber of copies—I haven't figured it out, but it is 
an astronomical number of printing-press im- 
pressions. 

Mr. Ma ttsy (Geological Survey) : The num- 
ber of maps printed by the Geological Survey is 
about 8 million per year. 

Mr. Lynn (Geological Survey): Annual dis- 
tribution of maps is about four million. 

CuamMan Drunor: Are there any more 
questions? (No response.) Then we stand ad- 
journed. 
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Indiana’s New Mapping Program 


By CHARLES H. BECHERT 


DIRECTOR, DIVISION OF WATER RESOURCES 
INDIANA DEPARTMENT OF CONSERVATION 


HE HISTORY of the topographic 

mapping of Indiana is not a laudable 
one and there might well be some question 
as to how the State has been developed as 
well as it has in the absence of adequate 
maps. It is only in the last few years that 
there has been a widespread demand for 
maps and that their true value has been 
realized by those responsible for providing 
the necessary funds to carry on an effective 
mapping program. 

The earliest topographic mapping in In- 
diana apparently was done to complete 
quadrangles which extended into Indiana 
from adjoining states. This is particularly 
true in the southwestern part of the State, 
adjoining Kentucky and Illinois, taking in 
areas included in the coal-producing por- 
tions of the three states. Later, other areas 
of the coal basin, lying entirely within the 
State, were mapped, probably because of 
the needs of coal-producing interests. 

The first quadrangle to be mapped in In- 
diana, the Calumet, Illinois-Indiana quad- 
rangle, was completed in 1889. About eight 
years later the Danville, Indiana-IIlinois 
quadrangle was mapped. Both of these 
maps were at a scale of 1:62,500 and com- 
prised only 45 square miles of Indiana area. 
They were part of the Danville Folio, No. 
67. 

The Mount Carmel and New Harmony 
15-minute quadrangles, which also con- 
tained portions of Illinois and Indiana, were 
mapped in 1901 and 1902. To these were 
added the Princeton and Haubstadt quad- 
rangles, and all four were reduced to a scale 
of 1:125,000 to form the Patoka Geologic 
Folio—No, 105 in the U.S.G.S. series. 

Other early mapping along the Kentucky- 
Illinois border consisted of the Tell City, 
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St. Meinrad, Owensboro, Newbury, New 
Harmony, Mount Carmel, and Tolleston 15- 
minute quadrangles at a 1:62,500 scale and 
20-foot contour interval. 

All of this work was done between 1882, 
the time that the Topographic Branch of 
the U. S. Geological Survey had first been 
authorized, and June 1904. While many 
States such as New York, Pennsylvania, 
Ohio, Kentucky, and Illinois all have rec- 
ords of contributing funds for mapping dur- 
ing that period, there is no evidence of 
Indiana having participated in any of the 
above mapping on a cooperative basis. 

As a matter of fact, the first known cash 
contribution was made during the fiscal 
year 1919-1920 by the State Geologist for 
control work on the Heltonville and Colitic 
quadrangles, which are located in the region 
where building limestone is quarried. He 
allotted $1,323.40 from his funds for this 
work. 

All of the quadrangles which were sur- 
veyed and published prior to 1919, were 
handled solely with U. S. Geological Survey 
funds. This includes parts or all of about 
25 15-minute quadrangles. 


MAPPING LEGISLATION 


As early as 1923, the Assistant State En- 
gineer of the Department of Conservation 
directed his efforts toward the passage of 
legislation to establish a mapping program 
in the State. A mapping bill was intro- 
duced in almost every session of the legisla- 
ture from 1923 until 1937 when such a pro- 
gram was finally established. The disastrous 
flood of 1936-1937 undoubtedly was a de- 
ciding factor in getting favorable action on 
the bill in the final days of the 80th session of 
the General Assembly. The law as passed 
called for an annual appropriation of $25,- 
000 for a ten year period commencing July 
1, 1937. The Department then entered into 
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a cooperative agreement with the U. S. Ge- 
ological Survey for a State mapping pro- 
gram, and, after holding conferences with 
various engineers of the State who were in- 
terested in having the State mapped topo- 
graphically, a scale of 1:24,000 was decided 
upon at that time as being the best and most 
practical scale. A 10-foot contour interval 
was adopted as “standard” for the State. 
The above program continued on the 
same basis until 1945 at which time an ad- 
ditional $50,000 for mapping was secured in 
the Department of Conservation’s biennium 
budget for 1945-1947. The increased ap- 
propriation was obtained chiefly because of 
the rise in the cost of mapping and the need 
for additional funds to maintain the pro- 
gram on a production basis of the kind en- 
visioned when the program was initiated. 
In the following session of the legislature, 
the original mapping law was repealed and 
another passed which increased the annual 
appropriation to $50,000 for another 10-year 
period beginning July 1, 1947. The new 
law created a rotary fund so that none of 
the annual appropriation would revert to 
the State general fund until the topographic 
mapping program was completed or until 
obsolete or inadequate maps were revised. 


STATE AGENCIES NEED MAPS 


In 1945 the Department of Conservation 
created a new division within the Depart- 
ment, not only to direct the State’s interest 
in the mapping program, but also to execute 
a statewide investigative program of Indi- 
ana’s water resources, as specifically author- 
ized by the legislature in 1943. A new State 
department was also created in 1945 which 
is known as the Indiana Flood Control and 
Water Resources Commission. This com- 
mission is charged with the responsibility of 
developing a master plan of flood control 
and water resources for the State. 

As the work of these two departments 
progressed, it soon became evident that they 
were greatly handicapped by the lack of 
adequate maps. The Water Resources Di- 
vision, in cooperation with the Water Re- 
sources Branch of the U. S. Geological Sur- 
vey, was making detailed ground water 
studies in several sections of the State. 
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These studies were being made on a county 
basis and, in all of these early investigations, 
there was not a single area that had been 
mapped. A large percentage of Indiana is 
glaciated, and the most prolific ground water 
supplies are found in the glacial materials. 
In ground water studies of such areas, it is 
essential to know the thickness of the glacial 
drift and also the contour of the underlying 
bedrock in order to delineate buried chan- 
nels and other geologic features having a 
bearing on the water resources. As topo- 
graphic maps of the areas were not avail- 
able, it was necessary either to make an in- 
complete study of the area or to map the 
area. Since it was impossible to do any ex- 
tensive mapping under the water program, it 
was necessary to make generalized maps of 
the area with the use of altimeters. Need- 
less to say, this was not and is not a satisfac- 
tory solution to the problem. 

The Food Control and Water Resources 
Commission met with similar experience. 
Much of their work was being done in co- 
operation with the U.S. Corps of Engineers 
in making studies of potential sites for flood 
control reservoirs. Here again, they could 
do little in determining the feasibilty of any 
site without topographic maps. Reliable 
maps were of the utmost importance to their 
work, and it was necessary for them to map 
most of the valleys where they were making 
detailed studies. This was not only expen- 
sive but time-consuming as well. Their 
work would have advanced much beyond its 
present stage had topographic maps of the 
State been available when the agency was 
created. 

Shortly after the war, the Indiana Eco- 
nomic Council, another State agency, began 
to expand its activities in the field of com- 
munity planning. Enabling legislation, en- 
acted prior to that time, provided the ma- 
chinery for the creation of City and County 
Planning Commissions. The Economic 
Council, not only sponsored the formation of 
such Commissions, but gave some assistance 
in the over-all problems of planning the 
future development of various towns and 
counties in the State. Again, as with other 
State agencies, the lack of adequate maps 
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was a deterring factor in the progress of this 
program. 

During the same period, an accelerated 
program of steam pollution abatement was 
being pushed by the Stream Pollution Con- 
trol Board and the State Board of Health. 
While topographic maps were not as essen- 
tial in the program of building municipal 
and industrial sewage treatment plants, 
nevertheless maps of this type were becom- 
ing increasingly more important to the 
Board of Health in its many diversified ac- 
tivities of water supply and sanitation. 

The State Geological Survey, which has 
grown in the last ten years from a relatively 
small organization to one which is recog- 
nized as among the best, is in need of maps 
as much as, if not more than, any other State 
organization. 

The State Highway Department, like the 
many other State agencies, had to plan its 
expanding road-building program without 
the aid of contour maps, and it, too, experi- 
enced the same difficulties. 


MAPS ESSENTIAL FOR INDUSTRIAL 
DEVELOPMENT 


Not only did the State Government ex- 
pand its functions after the war, but, as in 
the case of many States, there has been a 
tremendous expansion in industrial develop- 
ment. Today Indiana has 30 percent more 
industries than in 1940, and the number of 
employed people has doubled in that time. 
Bringing about such an industrial growth 
entails the building of many new factories 
and the establishment of new industrial con- 
cerns. To suply these with power, fuel, and 
water; new power, gas, oil, and water lines 
have to be constructed. A 230,000-volt 
transmission line has been built from Terre 
Haute to Kokomo, a distance of some 100 
miles. Another high-voltage line has been 
constructed from Lawrenceburg to Ft. 
Wayne, a distance of 130 miles, and still 
another from Terre Haute to Columbus, 
a distance of 80 miles, to mention only 
a few. Several oil and gas lines have 
been laid across the State and many more 
for shorter distances. In each case, the 
power companies and the oil companies 
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have made use of whatever topographic 
maps were available in the planning of these 
projects and have felt the need for a wider 
coverage of maps as much as anyone. 

With the building of several new power 
plants along the Ohio River and elsewhere 
in Indiana, the coal industry has been 
greatly expanded, especially those companies 
engaged in strip mining. These companies 
have made extensive use of existing maps 
but, as in all other instances, too few are 
available. 

The railroads have been actively engaged 
for the past ten years in acquiring and lo- 
cating industrial sites for new factories along 
their railroads, and they, too, have been 
clamoring for more and better maps. 

The stone industry, the tile manufacturers, 
and the gravel companies have all been in- 
terested in locating new sources of raw ma- 
terials because of the tremendous increase 
in the demand for their products. The lack 
of topographic maps has been of more than 
passing concern in recent years to the leaders 
of these industries. 

So great did the demand for topographic 
maps become by 1951, not only by govern- 
mental agencies, but by industry as well, that 
a meeting of the Indiana Economic Council 
was called to discuss the problem while the 
legislature was in session that year. This 
meeting was attended by representatives of 
the railroads, utilities, coal industry, well 
drillers, residential builders, consulting engi- 
neers, county surveyors, and various State 
departments. Asa result of this meeting, an 
attempt was made to get the legislature to 
increase the mapping appropriation, but be- 
cause of the demand from all over the State 
for an increase in funds to raise the salaries 
of teachers, most other measures calling for 
increased appropriations received little con- 
sideration. Because a similar situation pre- 
vailed in 1953, no concentrated effort was 
made to expand the mapping program that 
year. 

However, the interest in mapping con- 
tinued to grow. This is evidenced partially 
by the number of maps which were sold by 
the Department during that time. From 
1949, when the first accurate records of 
sales were kept, the sale of maps increased 
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from 2,944 during that year to 5,792 during 
the last fiscal year. 

In the early part of 1954, it was suggested 
that another meeting of map users be called 
to discuss the mapping situation again. At 
the rate the State was being mapped it 
would require almost forty years to finish the 
mapping. There are a total of 691 7/2-min- 
ute full or partial quadrangles in Indiana 
and only 245 quadrangles had been covered 
with modern maps at that time, or approxi- 
mately 34 percent of the State. 

In April of 1954, a meeting was called by 
the Department of Conservation to which 
were invited representatives of State agen- 
cies and industrial interests who attended 
the 1951 meeting and also many other map 
users. This group felt that it was vital that 
the State mapping program be materially 
speeded up and that the State should be 
completely mapped in a period of about ten 
years. As one individual stated: “Future 
developments are now being considered by 
my company and many other companies are 
doing the same. Maps are needed now and 
not thirty or forty years from now. If the 
mapping program is not completed within 
ten years there is not much use in continuing 
it, as far as I am concerned.” 

As a result of this meeting, a committee 
was formed under the chairmanship of a 
representative of a local, private, power 
company. The committee was formed to 
educate some of the legislators, the majority 
of whom are farmers, regarding the urgent 
need of an accelerated mapping program. 


INDIANA RECOGNIZES MAP NEEDS 


Rather than seek special legislation for 
increased appropriations for mapping, the 
Conservation Department increased its bud- 
get request for mapping from $100,000 for 
the biennium to $400,000. Later, during 
the legislative session, in explaining to the 
budget committee the Department’s request 
for increased funds for mapping, the chair- 
man of that committee commented that they 
had received more comment on the need 
for increasing the mapping program than 
on any other item. 

In 1953 the legislature established a Study 
Commission on Intergovernmental Rela- 


SURVEYING AND MAPPING 


tions, which covered such subjects as agri- 
culture, education, welfare, conservation, 
institutions, fiscal administration, and so on. 
The recommendations of this Commission, 
which sumbitted its report to the General 
Assembly in 1955, are also of interest, espe- 
cially the following extract: 


“The Commission recommends that the 
topographic mapping program be acceler- 
ated and completed within a period of five 
years. This will involve a cost to the State 
of Indiana of approximately $400,000 per 
year for a period of five years. The Com- 
mission believes that topographic maps pro- 
vide valuable information for the State and 
Local Governments and for Indiana busi- 
nesses as well. They have an eminently 
practical use in solving problems touching 
on water resources, flood control and con- 
servation, real estate developments, con- 
struction projects, and in many other situa- 
tions.” 


While the recommendations of this com- 
mittee called for a program double that 
which was asked for by the Department and 
approved by the legislature, it undoubtedly 
was effective, as were the efforts of the map- 
ping committee, in obtaining the favorable 
action taken by the General Assembly. 

Following the adjournment of the legisla- 
ture, an invitation was sent to representa- 
tives of various interests in this type of map- 
ping, asking that lists be submitted showing 
preference of the areas they would like to 
have mapped. When these lists were re- 
turned they were used as guides in compiling 
a priority schedule of all unmapped quad- 
rangles. Each State Representative and 
Senator was also invited to designate any 
areas in his district or area which, because 
of some special problem, should be given 
consideration for early mapping. One in- 
teresting reply to this invitation is as follows: 


“T was not in favor of the $200,000 ap- 
propriation at the time we were acting on it, 
because I did not understand the need for 
same. Too, those in this part of the State 
are usually last to be considered in such 
matters if at all. Your letter and my talks 
with the professional engineers here prove 
my having been wrong on both instances. 
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I find that my county and other neighboring 
counties are very much in need of topo- 
graphic maps.” 


The expanded program is now in effect 
and, while the legislature made no commit- 
ments beyond the biennium, there is good 
reason to believe that topographic mapping 
in Indiana will be continued, at least at its 
present level. Such was the understanding 
when the matter was being considered. 
Along with the mapping program, a main- 
tenance program has been set up to keep the 
older maps up to date. About 2 percent of 
the funds will be spent for this purpose. 

Since the accelerated program has been in 
effect, the interest in mapping has become 
even greater; new map users are continually 
showing up, as well as new uses for the 
maps. Whereas maps previously were or- 
dered in single copies, they are now being 
ordered in quantity, something which is 
difficult to explain. Requests for maps of 
unmapped areas have risen several fold, and 
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only recently 51 separate requests were made 
for the early mapping of an area in the 
western part of the State. Greater use is 
being made of planimetric bases and blue 
line copies of maps, to say nothing of the 
increased use of and interest in the large- 
scale compilations. County surveyors and en- 
gineers are showing more interest in the 
maps than ever before and are making 
greater use of the Government’s horizontal 
and vertical control. They are also showing 
more interest in the plane-coordinate sys- 
tem. 

Indiana has waited a long time—much 
too long in fact—to establish an adequate 
mapping program. However, it is almost 
needless to say that the new program will 
mean an ultimate saving of millions of dol- 
lars to the taxpayers and business interests 
of the State. The maps will provide the 
tool needed in planning more efficiently the 
development of the State’s resources and in- 
dustrial wealth and will certainly pay great 
dividends in the years ahead. 
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Tacheometric Surveying 


Methods and Instruments 


Part II—The Subtense Method 


By WILLIAM MUSSETTER 
ARMY MAP SERVICE 


HE FIRST installment of this article, 

published in the April—June 1956 issue 
of SURVEYING AND MAppPING, was confined 
to those methods which established a paral- 
lactic angle within the instrument. All such 
methods require the reading of a scale of 
some form at a distance and are subject to 
the difficulties of seeing the rod divisions 
distinctly. 

This installment will cover the types of 
tacheometric measurements in which the re- 
verse is the case, i.e., the angle lying oppo- 
site a fixed base is measured by the instru- 
ment. This angle is said to be subtended by 
the base, hence, the accepted name, “Sub- 
tense,” applying to this operation. It ap- 
plies particularly to the case in which the 
horizontal angle subtended by a fixed-length 
base bar, oriented at right angles to the line 
of sight, is measured on the circle of a the- 
odolite. The angle may also be measured by 
means of a micrometer tangent screw actuat- 
ing the horizontal motion of the instrument 
or by a micrometer placed in the focal plane 
of the telescope. 

The ability of the observer to bisect the 
base-line targets is superior to his ability to 
read a graduated staff under ordinary condi- 
tions. Repeated pointings may be made for 
increasing the accuracy. For these reasons, 
the subtense method can yield better results 
than any of the intercept methods, provided 
proper equipment is used. 

The instruments required for the true sub- 
tense measurement are a transit or theodolite 
capable of reading angles to the desired ac- 
curacy, and a base bar or staff. If the the- 
odolite measures the angle directly on its 
limb, a finely and accurately graduated cir- 
cle and circle-reading micrometer are neces- 
sary. Circles with coarser divisions and 
verniers may be utilized by the method of 
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repetitions, provided the other parts of the 
instrument are in keeping with the final re- 
sult required. Angular errors in the order 
of a very few seconds of arc must not be ex- 
ceeded. The arc of 1” is but 0.00001 part 
of an inch or one-fourth micron on the cir- 
cumference of a 4-inch circle. This accu- 
racy must be maintained by the fit of the 
centers and the rigidity of the mount. 


Ficure 1.—Subtense bar 


The standard subtense bar is two meters 
long and consists of a metal tube supporting 
two targets near its ends. The interval be- 
tween the targets is controlled by an invar 
wire which is placed under tension by 
springs, the targets being free to move longi- 
tudinally in the tube. Thus, the base length 
depends on the invar wire and is unaffected 
by temperature changes in the other parts. 

A small telescope is attached at right 
angles to the bar for orienting it with the 
line of sight, and there is also a collimating 
device to enable the observer to verify the 
perpendicularity from the instrument posi- 
tion. A spirit level is provided for making 
the bar horizontal, and a central target 
serves for pointings in azimuth. The whole 
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bar is mounted on a tripod by means of a 
leveling head and spindle with clamp and 
tangent screw. The tripod is generally 
made interchangeable with that of the in- 
strument, and often the leveling head as 
well. This permits placing the theodolite on 
the subtense bar tripod as work moves for- 
ward, eliminating the time and error of cen- 
tering. 

The targets are small triangles or dia- 
monds on a contrasting background, with 
small points or circles marking the exact 
center. They may be provided with elec. 
trical illumination for night work, the light 
showing through small holes concentric with 
the targets. Different types or sizes of tar- 
gets for use at different distances are some- 
times provided on other faces of the bar and 
brought into play by revolving it. 

Bars of 1 meter and 3 meters of this type 
are also available. The invar bars either 
fold at a joint in the middle, or the tubes 
may be detached from the head by means of 
screws or bayonet joints for transport. Staffs 
of wood or metal of various designs may be 
employed for work of a lower order. The 
advantages of these lower order bars over 
the more convenient intercept methods are 
doubtful. 


ANGLES MEASURED DIRECTLY ON THE 
CIRCLE OF THE INSTRUMENT 

The direction method is preferred for this 
type of measurement because of its simplic- 
ity, speed, and opportunity for judging the 
accuracy by the agreement of the independ- 
ent measurements. However, this method 
requires a higher class of instrument. The 
method of repetitions may be employed with 
any high-grade transit. This may be of ad- 
vantage for occasional work when it is not 
advisable to provide special equipment. 

The direction-type instruments preferred 
for subtense have finely divided circles on 
glass, and read usually to single seconds. 
This class of theodolites is designated by 
European manufacturers by the number 2, 
and by reason of standardization and mass 
production, has practically taken over the 
subtense field. Some of the makers claim 
that an experienced observer can maintain 
an accuracy of from 1” to 2” by a single 


SURVEYING AND MAPPING 


direct and reversed measurement of the 
angle. This probably assumes ideal condi- 
tions, for experience has shown that it is 
not easy to secure such accuracies in the 
field. Much has been done toward analyz- 
ing the accuracy of a pointing, but so many 
variables enter that little value can be placed 
on a purely mathematical approach. Under 
reasonably good conditions and using a 1” 
theodolite, it is believed that a probable 
error between 1” and 2” can be obtained by 
four measurements of the angle. Nothing 
appears to be gained by reversing the tele- 
scope between observations because the tar- 
gets are in the same horizontal plane. It 
is recommended that four measurements be 
made with the circle shifted through ap- 
proximately 45° after each. This should 
require from 3 to 5 minutes for the pointings 
and readings. The agreement of the result- 
ing measurements will indicate their accu- 
racy to some degree. Depending on the 
circumstances, more or fewer observations 
may be necessary. 

It must be remembered that the direction 
method assumes the circle to be fixed in azi- 
muth during the pointings on the two tar- 
gets. Any change due to lost motion or 
elastic recovery in the instrument or tripod, 
or to shifting of the observer’s weight on the 
ground will introduce an error. This error 
may be systematic and undetected by the 
comparison of the independent measure- 
ments. It is believed this source of error is 
largely responsible for disappointing results 
reported from some trials. 

An analysis of results obtained in Norway, 
and in a test by the Army Map Service with 
direction theodolites under average field 
conditions will be presented later in this 
article. 

The method of repetitions is subject to the 
same uncertainty from any movement of 
the instrument in azimuth while the upper 
motion is unclamped. For the assumed 
precision, six direct and six reversed repeti- 
tions with a 10” vernier theodolite are rec- 
ommended. The reversed postion is recom- 
mended for reasons of reversal of motions in 
the instrument, rather than from considera- 
tions of the line of collimation. It is not 
believed that angular measurements in the 
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order of an accuracy of 2” can be obtained 
with the ordinary surveyor’s transit reading 
to 1 minute. Such instruments should not 
be used on work where the ultimate in ac- 
curacy is expected. 

Observations by the method of repetitions 
are much slower and more laborious than 
those with a suitable direction theodolite. 
A set of six direct and six reversed repeti- 
tions between the two targets should take 
from 6 to 8 minutes of time. 


THE MICROMETER TANGENT SCREW 


The micrometer tangent screw, or sub- 
tense screw, is another device for accurately 
measuring the subtense angle, although not 
so well known as the measurement by circle 
as above. The micrometer screw is of par- 
ticular interest as as accessory to a transit 
having an ordinary graduated circle. Since 
topographic work seldom requires a finely 
divided circle for other purposes than meas- 
urement of the subtense angle, such a com- 
bination is an economy. The instrument 
centers and telescope, however, should be 
equal to the demands. 

The total angle that can be measured by 
the available screws is about eight degrees. 
This permits a minimum distance measure- 
ment of about 15 meters, using a 2-meter 
bar, which should be adequate for most all 
occasions. 

As manufactured, the subtense screw is 
simply a fine-pitched and accurate tangent 
screw, carrying a divided drum, and substi- 
tuted for the conventional tangent screw. 
The pitch of the thread is a decimal frac- 
tion of the lever arm against which the 
screw works. This fraction is usually 1/200 
part of the lever arm. The drum is divided 
into 100 parts, so that the movement of the 
screw through one drum division corres- 
ponds to an angle whose tangent is 1/20,000 
(0.00005) . 

Figure 2 illustrates the principle of the 


Ficure 2.—Principle of the tangent micrometer 
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tangent micrometer. By similar triangles, 
nd:h=Yab:s 
When d/h is made equal to 1/20,000, 
s= 10,000 b/n 


n being the number of drum divisions 
turned from the mid-point of the bar to a 
target; b, the length of the bar; and d/h, 
the ratio of the pitch to the lever arm. 

The micrometer screw is designed to be 
read both ways from its zero or mid-position, 
and the observation is performed as follows: 

The micrometer screw is set to its zero or 
mid-position by means of the drum and 
scale, and the telescope is directed at the 
center mark of the subtense bar. With the 
clamps tightened, the line of sight is brought 
to one of the targets by turning the subtense 
screw, and the total number of drum divi- 
sions is read. The line of sight is then 
brought to the other target, using the screw 
alone, and the divisions read. The total 
angle in terms of drum divisions is equal 
to the sum of the two readings, n and n’. 

The length, s, may then be found by the 


equation 
s = 20,000 b/(n+n’), or 
s= 10,000 b/Ya(n+n’). (1) 


The known instruments with this attach- 
ment have no other way of fine pointing 
than by use of the micrometer screw. Hence, 
the zero setting of the drum will be dis- 
turbed when the pointing on the mid-mark 
of the bar is made. This alters the values 
of n and n’, but not their sum, and no error 
is introduced provided the screw defines 
tangents uniformly throughout its length. 

The design of the reading mechanism is 


Ficure 3.—Diagram of drum and scale, sub- 
tense screw 
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essentially as shown in figure 3. The drum 
is divided by a line engraved about its cir- 
cumference, this line serving as the pointer 
for reading the turns scale, a. The drum is 
divided into 100 parts as shown, the gradu- 
ations on opposite sides of the dividing line 
being numbered in opposite directions. The 
turns scale is figured outward in both direc- 
tions from its index. The index line, b, en- 
graved on the cover glass, serves for reading 
the drum. The part of the turns scale to 
the right of its zero is used in conjunction 
with the graduations on the right-hand face 
of the drum, and, similarly, left with left. 
The whole mechanism is placed under a 
magnifying glass to facilitate reading. 

The anular value of one division of a 
1/20,000 screw is approximately 10.3”. 
Hence, the readings must be accurate to 
about 0.1 division to give the probable errors 
assumed in Table 1. The probable error 
of the sum, n+n’, will be \/2 times the 
probable error of either, so that the probable 
error in reading the drum must be held to 
between 0.05 and 0.1 division to be com- 
parable with a probable error of 1” in the 
angle read on the circle. The pitch of the 
screw, based on a lever arm of 4 inches, 
will be 50 threads to the inch. There is 
no design problem to prevent this being 
made 100 threads per inch, in which case 
the sensitivity of the micrometer would be 
doubled. An increase in the drum diameter 
and in the power of the magnifier would 
also make estimation of the fractional divi- 
sion more certain. On the other hand, a 
screw of finer pitch will be more tedious to 
handle. The 1/20,000 screw appears to be 
a good compromise and sufficient for topo- 
graphic work. The drawback of the fine 
thread when used for azimuth pointings 
might be overcome by adding a second 
upper motion clamp and tangent screw of 
conventional design for all uses other than 
subtense measurements. 

The original micrometer tangent screw 
designed by Pulfrich had a very sharp point 
bearing on a plane surface which lay in a 
radius of the graduated circle. If this con- 
tact is a true mathematical point, then the 
linear motion of the screw will define tan- 
gents of the angle of rotation. However, it 
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is not possible to make such a contact, or 
to protect it, if it were. Hence, there is 
a certain approximation in the working of a 
screw of this type. 

The point of the screw is in fact spherical. 
Referring to figure 4, which shows the effect 


d 
Ficure 4.—Effect of spherical point on tangent 
screw 


of a spherical surface bearing against a 
plane, it will be seen that, as the lever arm 
(plane) is brought to the angle, 6, from 
its mid-position, the contact, c, between the 
plane and the screw point, S, remains tan- 
gent to the surface of §. The linear travel 
of the screw is shown by d, while the tangent 
of @ is measured by d+e. Denoting the 
radius of the sphere by r, then oc’ = r sec 6, 
and ¢ = oc’ —r, that is, e =r exsec 6. There- 
fore the linear error, ¢ is proportional to the 
radius of the screw point and to the external 
secant of 6. 

It appears that a radius of 0.25 mm. for 
the point would be suitable and durable. 
Assuming a lever arm of 100 mm. (4 
inches), a base of two meters and r = 0.25 
mm., at a distance of 10 meters the angular 
error introduced by e will be 2.5”. At 80 
meters, it becomes negligible. In the case 
of the screw pushing the lever from its cen- 
tral position, the angle turned will be 
greater than that indicated by the reading. 
When the screw is withdrawn, the lever fol- 
lowing from its mid-position, the error has 
the opposite sign. Hence, if the angle is 
measured approximately equally to the right 
and left of the central position, the error in 
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n+n’, is rendered negligible. This simple 
screw is therefore suitable for subtense work. 

Another form of screw is shown in figure 
5. This is known as the sine screw because 
the value, nd/h, is the sine of the central 
angle. The distance found from equation 
(1) would therefore be from the instrument 
to the ends of the subtense bar, rather than 
to its center. The screw, S, is fixed so that 
it does not move longitudinally when turned, 
but imparts a movement to the sleeve nut, 


N 
2 S 


Ficure 5.—The sine screw 


N, which is restrained from turning. This 
nut has a ground plane surface which bears 
against a ball, B, on the lever arm. 

This type screw is more complicated and 
expensive to make than the simple tangent 
screw, but can be made more rugged and 
durable. The distance may be calculated 
by trigonometrical formula, or taken from 
a table prepared for the instrument, as is 
also customary in the case of the tangent 
screw. It is, of course, free from any ap- 
proximation in the measured sines. The 
reading mechanism of the sine screw is 
identical in principle to that of the tangent 
screw. 

Both types of screws permit the repetition 
of readings to increase their accuracy. If 
the instrument is assumed to be rigid, the 
telescope need not be traversed from one 
target to the other for each pair of readings, 
but all bisections and readings may be made 
on one tangent, the line of sight traversed 
and all readings taken on the other. Natu- 
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rally, the subtense screw simply measures 
angles, and all considerations of stability 
of the instrument apply to this as well as to 
the preceding method. 

Both the foregoing methods, which meas- 
ure the angle by rotation of the alidade, are 
free from any additive constants due to the 
optics of the telescope. Since the angles are 
measured in a horizontal plane, horizontal 
distances are derived directly. Differences 
in elevation are, of course, the horizontal 
distance multiplied by the tangent of the 
angle of inclination. 


THE EYEPIECE MICROMETER 


This type of micrometer has been put to 
very little use in tacheometry. The U. S. 
Geological Survey has applied the device to 
a plane table alidade’ and used it for rough 
topography. Also, there are some references 
to it in European literature. In spite of 
its lack of application to surveying opera- 
tions, the eyepiece micrometer has some 
merits worthy of mention. It is well known 
to astronomers and is one of the most con- 
venient and accurate devices for measuring 
angles between objects lying within the tele- 
scopic field of view. 

In its usual form the micrometer consists 
of a movable thread placed in the focal 
plane of the objective. The movement of 
the thread is measured by a fine screw with 
scales for indicating turns and drum divi- 
sions. Since the image of the distance to be 
measured is greatly reduced in size, the ac- 
curate measurement of angles imposes the 
highest grade of precision in the manufac- 
ture of the micrometer. Perhaps this is the 
chief reason for its failure to receive accept- 
ance in the tacheometric field. 

The principle of the eyepiece micrometer 
is the same as that of the fixed stadia threads 
except that the angle subtended by a fixed 
base is measured rather than a rod intercept. 
The anallatic properties of the telescope ap- 
ply in the same manner. Either a horizontal 
or a vertical rod may be used. 

The special advantages of the ocular 
micrometer are that the instrument remains 


1 See Topographical Instructions of the U. S. 
Geological Survey, page 210. 
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clamped in position with no mechanical 
motions other than that of the micrometer 
slide; the observations are made very rapidly 
with a high degree of accuracy; and the 
micrometer is very small, light in weight, 
and does not interfere with other functions 
of the teleescope. Its disadvantages are that 
the angle is limited to a portion of the field 
of view, probably to a maximum value of 
about one degree, and the rays utilized pass 
through the outer zones of the objective 
glass. The two combine to require a large 
aperture and well corrected lens. The parts 
of the instrument other than the telescope 
may be mediocre without harming the accu- 
racy of the distances. 

If the maximum angle it is possible to 
measure is one degree, the minimum dis- 
tance to a 2-meter bar will be about 114 
meters. Hence, additional marks at closer 
intervals would be required for shorter 
sights. 

Due to the facility with which readings 
can be made, the number of readings may 
be multiplied to increase the accuracy. It 
has been suggested that ten bisections of 
each target be taken; first 5 in succession 
on one target, then 10 on the other, and 
finally 5 on the first target. This division 
of pointings will correct for a systematic twist 
in azimuth of the instrument during the 
observations provided the pointings are 
made at a regular rate of speed. The two 
columns of readings are meaned by decimal 
division. The micrometer can read continu- 
ously from one end, or in opposite direc- 
tions from a mid-point. In the one case, 
the angle in drum divisions is given by 
subtracting the means, in the other by add- 
ing. The distance is then taken from a 
table prepared for this particular instru- 
ment and rod. This table may include any 
calibration corrections necessary for the in- 
strument or rod. 

Experiments with the eyepiece microm- 
eter applied to large theodolites indicate a 
probable error in the measurement of the 
angle in the order of 1”. This high accu- 
racy increases the certainty of the range at 
a given distance. The eyepiece micrometer 
is therefore fitted to work where consistently 
long sights are desirable. However, because 
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of the limit to the size of the measured angle 
and the consequent large ratio of the meas- 
ured length to the base, only moderate ac- 
curacy can be expected. 


Ficure 6.—The subtense triangle 


THEORY OF THE SUBTENSE 
MEASUREMENT 

Subtense is a form of triangulation utiliz- 
ing a very small angle opposite a base which 
is placed perpendicular to the line whose 
length is to be measured. 

Figure 6 is a diagram of the subtense 
triangle. The elements are the known base 
length, b, the measured angle, a, and the 
desired distance, s. The base is oriented so 
as to be perpendicular to the line of sight 
at its mid-point. It is readily seen that, 


s=Y2b(cot Yea) (2) 
or very nearly, 
s=bcota (3) 


The length is great in respect to the base; 
hence, a small variation in the base, b, or in 
the angle, a, will have a relatively large 
effect on s. This may be analyzed as fol- 
lows. 

Taking the partial derivatives of s with 
respect to b and a, from equation (2), 
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Therefore, 


b 45?+b? 1a 
This equation expresses the change in s for 
given changes in b and a. 

In order to state these changes for the 
general case in terms of the probable 


ds => 2d 


b 
errors, we can replace d= by the probable 


2 
a 
error ¢i,; and qd; by ei, arc 1”. The term, 
arc 1”, is necessary when the angular prob- 
able error is stated in seconds of arc. Its 


value in radians is 0.00000485. Then, 


(4s? + b?)? (0.00000485 (5) 
452 


The probable error of the base, é, will 
include any error in the base bar itself, 
changes due to temperature, and errors in 
leveling and aligning the bar perpendicular 
to the line of sight. If a well manufactured 
invar bar is used, and proper care is taken 
with the orientation, these errors will be 
very small. Generally, the base is assumed 
to be perfect and the whole error in s to be 
due to the error in a. A further approxi- 
mation may be made on the assumption that 
b? is small in relation to s*, and may be 
ignored. Discarding the terms e, and }b*, 
in equation (5), we have 


é,= + 


2 
“=> 0.00000485 ¢, (6) 


The proportional probable error is de- 
rived by dividing this quantity by the length 
5, OF 


Now 5 is negligibly different from cot a, 


and arc 1” is equivalent to tan 1”. There- 
fore, 
_ tan 


tana a” 


(8) 


This is equivalent to saying the propor- 
tional probable error in the distance is equal 
to the probable error of the angle in seconds 
divided by the number of seconds in the 
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angle. This rule is stated in many text 
books and is generally accepted by surveyors. 
Assuming a base bar of two meters with 
a probable error of 0.1 mm., and a probable 
error in the measured angle of 1”, the prob- 
able errors for different distances are found 
to be as given in Table 1. The two columns 
of e, furnish a comparison of the values as 
computed by equations (5) and (6). 


TABLE 1? 

s e,(5) “*(5) 
(m.) (mm.) (mm.) 

10 0.55 0.24 1/18180 

20 1.40 0.97 1/14280 

30 2.6 2.2 1/11540 

40 4.4 3.9 1/9090 

50 6.5 6.1 1/7690 

60 9.2 8.7 1/6520 

80 16.0 15.6 1/5000 
100 24.8 24.2 1/4030 
120 35.4 34.9 1/3390 
140 48.0 47.5 1/2920 
160 62.6 62.0 1/2550 
180 79.1 78.6 1/2280 
200 97.5 97.0 1/2050 
400 388.5 388.0 1/1030 


This comparison justifies the use of the 
approximate formula in all normal cases. 
Reference to the exact formula is necessary 
only in case the base is subject to unusual 
error. 

Equation (6) shows the linear error to 
be expected from a given accuracy of angle 
measurement varies directly with the square 
of the distance, and inversely with the 
length of the base. The proportional error, 
equation (7), will vary as the distance 
divided by the base; that is to say, if the 
base is of constant length, the proportional 
error will vary as the distance. This is very 
important consideration in the execution of 
subtense surveys. 

Some manufacturers of subtense equip- 
ment recommend the ratio of the distance 
to the base be limited to 20. The maximum 


2In Table 1, the values of es in the various 
columns were computed by the equations indi- 
cated by the numbers in parentheses in the column 
headings. 
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distance for a standard base bar would 
therefore be 40 meters. It is doubtful that 
the American surveyor would be content 
with such short sights, or that, according to 
Table 1, he would need be in his regular 
work. 

Again it should be noted that estimates 
of accuracies predicted on probable errors 
should be accepted with caution. Experi- 
ence is the best teacher in such matters. 
However, results obtained from tests under 
normal field conditions agree very well with 
those given in Table 1. 

The H. Wild Company recommends for- 
mulas derived empirically from tests. For 
distances up to 100m., the formula is 
s/4 mm., s being the distance in meters. 
The error for distances greater than 100m. 
is expressed by (s/20)*mm. This second 
formula agrees very closely with Table 1. 
Much greater proportional errors for the 
shorter distances will be given by the for- 
mula applying to lengths of less than 100m. 

Kern and Co. give a table of expected 
errors which are obtained by multiplying 


the results of equation (6) by 5 V2. 


CONDUCT OF SUBTENSE PARTY 


The conduct of a subtense traverse may 
vary considerably according to the equip- 
ment used and the degree of accuracy de- 
sired. Ordinarily a single subtense bar 
will suffice. The bar may’be kept one 
traverse point either to the front or rear of 
the instrument. In either case, it serves 
as the flag at that point. Two bars are 
convenient when a double distance deter- 
mination of each course is desired. The 
extra work involved in reading the angles 
both to front and rear, and the subsequent 
computations, will be compensated to some 
extent by the elimination of possible re- 
running. In order to reduce the measured 
lengths, the subtense bar may be placed 
on line between the traverse stations. 

Additional bars may be added for side 
shots when topographical control is re- 
quired, or these side shots may be taken 
by stadia or other means for which the 
theodolite is equipped. It may be seen 
that the equipment for efficient operations 
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on a large scale can run into a considerable 
investment. 

Subtense parties will consist of a party 
chief, instrumentman, barman, and _ flag- 
men and axmen as required. If side shots 
are taken, or the line is favorable to rapid 
progress, a recorder will prove economical. 
The party chief picks the points to be oc- 
cupied, and in some cases can handle the 
subtense bar also. In difficult areas, his 
time will be fully occupied in selecting the 
stations. On the other hand, the party 
may be reduced to two men, and conceiv- 
ably to one alone. 

The party moves forward as a_ unit. 
The use of interchangeable tripods is of 
great advantage, but requires leap-frog- 
ging the rear tripod to the front. The 
interchangeable tripods prevent the errors 
due to eccentricities from accumulating, 
and only those stations required for sub- 
sequent reference need be plumbed or 
marked. This affords a saving in time, 
but may cause difficulties in localizing 
errors and in any rerunning. 


SHORT-BASE TRIANGULATION 


Short-base triangulation ‘is an extension 
of the subtense principle. As has been 
noted, the ordinary subtense equipment is 
limited as to the distance it can measure. 
In any extensive survey, there will be times 
at which it is desirable or necessary to ex- 
ceed these limits. The solution is the use 
of base lines longer than possible by the 
use of the standard bars. The base lines 
may be measured by regular taping meth- 
ods, by a subtense operation, or they may 
utilize special equipment. 

The lengths of the longer bases gener- 
ally preclude orienting them at right angles 
to the line of sight, and they are placed in 
conformity with the terrain as nearly ap- 
proaching the perpendicular as_ possible. 
The angle from the base alignment to the 
line of sight must then be obtained. The 
angle at the instrument station between 
the base ends is measured in the same 
manner as in the subtense method. There- 
fore, the short-base triangle is simply one 
in which two angles and one side are 
known. The apex angle will be quite 
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small, and ordinarily the base will ap- 
proach the perpendicular to the line of 
sight. The criteria of accuracy expressed 
by equations (5), (6), (7), and (8) may 
then be applied, with due regard to any 
greater errors that may exist in the base 
line. 

Short-base triangulation is particularly 
fitted to picture point control in moder- 
ately rough terrain. With base lines of 500 
feet, lengths up to two miles can be meas- 
ured reliably to third order accuracy. 
Traverse, either by standard tacheometry 
or tape, is usally compelled to follow roads 
or railroads. Short-base triangulation, on 
the other hand, can proceed in any direc- 
tion where suitable base sites can be found. 
This may result in a shorter route between 
connections and a more uniform distribu- 
tion of picture-control points. 

A comprehensive report on some work 
of the Aero Service Corporation in the 
field of short-base triangulation was pre- 
sented at the Annual Meeting of the 
American Congress of Surveying and 
Mapping in June 1949 by Mr. Joseph 
G. Kelley.*. The system employed util- 
ized taped base lines which were reduced 
for tape lengths, temperature, suspen- 
sion, alignment, and grade in the usual 
manner. Two superimposed bases starting 
at the same point and on the same align- 
ment, but of different lengths, were used. 
The two lengths were measured independ- 
ently, and the distance between their ter- 
minals, also. This gave a check on the 
measurements and _ reductions. Angles 
were turned from the common base end 
to both the outer terminals, so that the 
distance could be carried independently 
through two triangles. Other noteworthy 
features included a code of signals which 
positively identified the base layout to the 
angle party without prior communication. 
It is suggested this paper be read by any- 
one interested in this type of control. 

When suitable conditions exist, the base 
line can be measured by subtense as shown 
in figure 7. Starting with the subtense 


*See “Trig-Traverse” by Joseph G. Kelley, 
SURVEYING AND Mappinc, July-September 1950, 
Vol. X, No. 3, page 180. 


481 


Ficure 7.—Use of auxiliary base 


bar, /, the length, b, is determined. This 
length then becomes the base of the tri- 
angle Ica, and is often referred to as the 
auxiliary base. If the angles are measured 
with equal accuracy, the most efficient 
length of the auxiliary base is equal to 
\/sl. Should both expansions be in the 
ratio of 20 to 1, and the probable error of 
the subtense angles, +2”, the probable 
error in s will be about 0.1 meter, or 1 
part in 8,000. However, this should be 
taken with a grain of salt, for a slight error 
in centering targets over the auxiliary 
base can destroy all reference to the the- 
oretical accuracy. 

Naturally, s may be used as a base for 
a still larger triangle, and so on to the 
limits of visibility. 

A special base-line equipment consisting 
of suspended tapes or wires, was developed 
by the Survey of India under the direction 
of Dr. de Graaf Hunter. 

The development consists of a standard- 
ized apparatus for elevating, supporting, 


_and applying tension to the tapes, and pro- 


vision of targets at the tape ends. The 
tapes are about 80 meters in length and 
terminate at hooks which fit over a pin at 
the center of the target. The standard- 
ized length is from center to center of 
pins, hence there is no need for carefully 
plumbing the target staffs. Any number 
of tapes can be assembled in series; gener- 
ally two are used to provide a base of 160 
meters. Tension is applied by a weight 
acting through a bell crank. The weight 
is visible to the observer at usual distances, 
and he can verify the correctness of the 
tension by its position. 

The supports consist of a bipod for each 
point of suspension and guys for the ends. 
The tapes and guys are customarily wound 
on the same reel. On arriving at the site, 
the end of the first guy is staked down, 


|| 
a 

. 

n 
e 
e 
e 


482 


and a bipod erected to support the tape 
end. The tapes are then unreeled, their 
junctions being raised on bipods and at- 
tached to the targets, and the final guy 
with attached reel staked down. A small 
theodolite is used to place the tapes in 
alignment, and also to measure the angle 
between the base and traverse line. The 
anchors are then adjusted to apply the 
proper tension, and the base is ready for 
use. As a usual case, the middle target 
of a two-tape base is placed over the 
traverse station. The theodolite is used to 
read vertical angles on the targets for de- 
termining the grade, or, in sufficiently even 
topography, the bipod staffs may be gradu- 
ated and used as leveling rods. 

The dimensions of the tape hooks and 
pins are included in the tape lengths so 
that targets are the net distance apart. 
Provision is made for suspending two tapes 
in parallel between two targets for com- 
parison. Temperatures are read from 
thermometers suspended in the air. 

All observations for orienting and _re- 
ducing the base are made by the base 
party, leaving only the subtense angles and 
the azimuths to the main observing party. 
Frequently, the base is placed on line be- 
tween two traverse stations, in which case 
the observer need not visit the site. Direc- 
tions are taken on each of the targets so 
that the base may be used as a whole or in 
sections for comparison. 

The Hunter short-base system has 
proved satisfactory in brushy country. The 
tapes can be suspended above the brush 
on ridges, or they may span brushy valleys. 
The performance of the apparatus in a 
strong wind is problematical. However, 
there are many regions in which it or some 
modification may well serve with advan- 
tage. 

Many of the advantages of the Hunter 
base apparatus can be obtained by measur- 
ing between elevated targets with a sus- 
pended tape. The targets of the self cen- 
tering traverse sets mounted on instrument 
tripods serve very well for this purpose 
when the height of brush permits. 
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METHODS OF CONDUCTING A TRAVERSE 
WITH SHORT-BASE TRIANGLES 

In the prosecution of short-base triangu- 
lation, the base sites may be selected at 
each traverse station, at alternate stations, 
or between stations. 

The first system permits the reading of 
angles for obtaining the distance in both 
forward and backward directions. This 
affords a check on the work as well as an 
improvement of the accuracy by the repe- 
tition. Longer courses involving weaker 
length determinations may be taken by 
virtue of this feature. Under given speci- 
fications, base lines at all traverse points 
will give better accuracy at the expense of 
greater cost. 

Base sites at alternate stations reduce the 
amount of tape measurement, and permit 
carrying the line over points unsuitable for 
base sites. Substantially the same checks 
and improvements in accuracy as in the 
first method can be obtained by using 
divided or superimposed bases, and by in- 
creasing the number of measurements of 
the angles. It is believed this use of alter- 
nate station sites will prove of greatest ad- 
vantage and adaptibility in most applica- 
tions. 

In both the above cases, a sharp change 
in direction of the traverse at a base site 
may require the use of two base lines to 
avoid excessive obliquity to the lines of 
sight. A minimum angle of 60° between 
the base and traverse lines should be ad- 
hered to. Hence, when possible, large 
changes in direction should take place at 
the stations between the base lines. 

The third method of placing the bases 
between and approximately on line with 
the traverse stations permits the stations 
to be placed at greater distances apart than 
otherwise desirable or possible from mathe- 
matical considerations or ability to bisect 
the base-end targets. Certain terrain char- 
acteristics may render this feature of great 
advantage. The number of bases per sta- 
tion is the same as for the first method, 
but the increased distance between trav- 
erse stations reduces the number of bases 
per mile. Also, the problem of orientation 
with two courses is avoided. 
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When the base is placed at a distance 
from the traverse station, there is a prob- 
lem of orienting the base with the traverse 
line. A point on the base may be “wobbled 
in” between the two stations, and the angle 
turned to the base end. Another possibil- 
ity is the measuring of the orienting angle 
at a base-end station, whose direction is 
subsequently observed from a traverse sta- 
tion in respect to the traverse line. Or, 
in the case of a base divided into sections, 
the angle between the base and traverse 
line may be obtained from the distance 
angles. 


Ficure 8.—Orientation of divided base 


Formulas for this may be derived as fol- 
lows. Figure 8 represents a two-section 
base, ACB, observed from point O, AC 
and CB each being known, and lying in 
the same straight line. 

Let OC, the distance to the mid-point, 
equal k, AC =S, and CB=S,. The angles 
opposite S,; and S, are denoted by a and £, 
respectively and the angle of orientation 
by 6. Then, 


k _ sin (6-6) 
or 
k S, 
sin (@—B)  sinB 
Similarly, 


F 
sin(9+a) sing 
Dividing the second equation by the first, 
S, sin B _ sin(@-B) _ cos B — cot 4 sin B 
S, sin sin(@+a) cos a+ cot @sina 
Solving for cot 6, 
cor (9) 
In the case of superimposed bases, let S, 
equal the shorter and S,, the longer. Then, 
by derivation as above, 
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_S, cot a—S, cot B 
= (10) 


In both cases, the angle, 6, is derived 
from its cotangent and, since it will ap- 
proach 90° in value, it will vary rapidly 
with changes in the right hand term. For 
this reason, it should be computed with 
7- or 8-place tables and precise lengths and 
angles. Even so, considerable error may 
remain, but, on the other hand, the effect 
of this error on the computed distance will 
vary with the sine. Since the sine of angles 
of such magnitude varies slowly, the error 
will be small. A check on the base orienta- 
tion is had by obtaining it from both the 


cot 9 


Ficure 9.—Reduction of remote base 


backward and forward traverse stations. 
In order to reduce the distances meas- 
ured to some point on the base to the line 
connecting the traverse stations, it is neces- 
sary to measure the angles between this 
point and the line, as shown in figure 9. 
The symbols y; and yz represent these 
angles as measured at O and M. The 
angles between the base and the traverse 


_ line OM are designated 8, and 8. They 


are obviously equal to (6,+y:) and 
(02+y2) respectively, and their sum should 
equal 180°. 

The angles y; and y2 should be measured 
with an accuracy commensurate with the 
variation of their cosines. Since these 
angles are small, one pointing direct and 
one reversed with a 1” theodolite should 
be adequate. 

It is believed most surveyors will prefer 
to measure the @ angles in the field in spite 
of the work involved, and to rely on the 
above formulas only as a check. Regard- 
less of how @ is obtained, from figure 8, 


k, =S, (sin cot a+ cos 9) 


(11) 


k, = S, (sin cot B — cos 9) 


S 
O B oA Am 
B 
. 
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The length OM (figure 9) then becomes 
k, cos y, + k, cos ¥, (12) 


The superimposed base appears to have 
some advantage from taking one paral- 
lactic angle opposite the entire base instead 
of both angles opposite fractions of it. An 
advantage would be derived therefore by 
considering one extremity of the base as 
the point about which to make the calcu- 
lations, rather than the mid-point. This 
extremity should be the one nearest the 
traverse line. 


RESULTS OF TESTS OF THE SUBTENSE 
AND SHORT-BASE METHODS 
The results of a number of tests of the 
subtense method have been published. 
Some of them were evidently made under 
controlled conditions and without respect 
to economical operations. The following 
examples were chosen for this paper be- 
cause they were executed under ordinary 
conditions by crews not especially familiar 
with the equipment. Production was de- 
sired rather than experimental data. 
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The first example is the analysis of part 
of a subtense traverse conducted by Kare 
Kulvik and reported in Norsk Tidsskrift 
for Jordskifte og Landmalig, Vol. 22 No. 
5-6, 1955. The other is a traverse run by 
the Army Map Service near Sault Ste. 
Marie, Mich., for photo-control. This was 
a short-base project, but the taped bases 
were checked by subtense, thereby afford- 
ing a comparison of tape and subtense over 
short distances. 

The Norwegian traverse extended over 
about seven kilometers and was divided 
into four sections by five triangulation sta- 
tions. There were 59 courses from ap- 
proximately 42 m. to 204 m. in Iength. 
The subtense bar was placed near the mid- 
points of the lines, resulting in 118 meas- 
urements with s/b ratios of from 10 to 51. 

The subtense angles were observed by six 
sets with a one-second optical-reading the- 
odolite. A set consisted of a pointing on 
each target of the bar in both the direct 
and reversed positions of the telescope, or 
a total of four pointings and readings. The 


TABLE 2 
No. of Average mean square error 
_ Average , in computed error, m, 
length, of a single set of average of sets 
in 
group 6sets 4sets 6sets 4sets 6 sets 4 sets 6 sets 4 sets 
m. ” ” ” ” mm. mm. 
2 21 2.1 2.3 0.8 1.2 0.9 1.2 1/23900  1/16900 
5 29 2.5 1.9 1.0 0.9 2.0 1.9 1/14200 1/15400 
6 33 2.3 2.1 0.9 1.0 a7 2.8 1/12200 1/11750 
7 36 2.5 2.1 1.0 1.0 32 3.5 1/11500 1/10550 
il 42 2.4 2.1 1.0 1.0 4.2 4.5 1/10100 1/9400 
10 48 2.8 3.0 1.1 1.5 6.3 8.4 1/7650 1/5800 
10 52 2.2 2.0 0.9 1.0 6.1 6.4 1/8550 1/8180 
12 58 2.4 2.1 1.0 1.0 7.6 8.4 1/7620 1/6860 
11 62 2.4 2.8 1.0 1.4 9.3 12.9 1/6640 1/4800 
9 68 2.3 2.2 0.9 1.1 9.9 12.2 1/6810 1/5540 
5 72 1.9 1.6 0.8 0.8 9.6 10.2 1/7420 1/7020 
11 77 1.9 2.1 0.8 1.0 11.9 15.2 1/6480 1/5090 
+ 84 1.9 2.1 0.8 1.0 13.0 17.7 1/6420 1/4740 
8 87 1.9 i 0.8 0.9 12.8 16.1 1/6800 1/5540 
3 91 1.7 1.6 0.7 0.8 14.1 16.2 1/6430 1/5630 
2 97 1.8 1.5 0.7 0.8 16.4 17.9 1/5930 1/5420 
2 102 1.8 1.8 0.7 0.9 18.5 22.4 1/5520 1/4560 
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circle was advanced 30° between sets to 
distribute the measurements over the entire 
limb. Two such sets were observed on 
the azimuth angles. 

A party of only two men was utilized. 
Work was carried on under any condition 
of weather which would have permitted 
other types of survey. The loop closures 
ranged from 1/7,500 to 1/10,000, indicat- 
ing a very satisfactory grade of work. 

Time studies and records of the effects 
of weather, fatigue, traffic interference, 
etc., were made. A further study of the 
effect of a reduction in the number of sets 
observed was made by computing all 
lengths from four sets as well as the six. 

In order to condense the results, the 
measured courses have been grouped ac- 
cording to length in Table 2. The indi- 
cated errors are mean-square errors com- 
monly used in Europe instead of the proba- 
ble error. The mean-square error is ap- 
proximately 11 times the probable error 
of an observation of the same quality. 

The angular errors were computed from 
the residuals of the individual sets, and 
those for the distance by the application 
of equation (6). The bulk of the lengths 
fall between 40 and 80 meters. The indi- 
cated error for these lengths varies from 
1/10,000 to 1/6,500 which compares well 
with the loop closures. 

Theoretically the errors from the use of 


four sets should be %\/6 or 1.22 times 
those derived from six sets. Generally, 
they are not that large, indicating a dimin- 
ishing return from the extra observations. 
The results from six sets are, however, 
more consistent than those from the four 
sets. The best results were obtained on 
cool cloudy days, as is to be expected. 
Wind had an adverse effect on the accu- 
racy. There was a tendency for the work 
to improve as time went on, probably due 
to increasing skill of the observer. 

The Sault Ste. Marie traverse consisted 
of 34 courses connecting 2 triangulation 
stations. The total length of the traverse 
was 13.3 kms. The average length of 
course was 391 m. with extremes of 129 m. 
and 886 m. The base lines varied from 
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17 to 58 meters, and the ratio, s/b, be- 
tween 4 and 19, with an average of 13. 
These ratios are well within the allowable 
range. 

The apparatus used was a Zeiss II theo- 
dolite and traverse targets interchangeable 
with the theodolite tribrach. Base lines 
were measured directly between the targets 
by means of a suspended steel tape which 
was field compared with a standard at its 
terminal and mid-points. The subgradua- 
tions, which enter into all the base meas- 
urements, were not compared. Tension 
was applied by means of a standard tension 
handle, and temperature was read from a 
thermometer attached to the tape. The 
reduction to the horizontal was obtained 
from vertical angles taken with the theodo- 
lite after it had replaced one of the targets. 
The targets of this equipment are so de- 
signed that they are exactly the height of 
the theodolite axis. 

As with the Norwegian project, the 
party consisted of men trained as survey- 
ors, but not experienced with the equip- 
ment. 

Angles were measured by six sets or 
positions, distributed uniformly over the 
circle in the same manner as in Norway. 
The probable error of a single position and 
of the mean of the positions was computed 
at all stations from the six observations, 
and also for the first three. 

The base lines were placed at alternate 
stations. One base end coincided with the 
traverse station. The angle between the 
base and line of sight was held to a mini- 
mum of 60°. Lengths were computed by 
the sine formula, using the mean angles 
obtained by six positions and by three posi- 
tions. 

The following statistics were obtained 
from the project. (See Table 3, p. 486) 

It will be noted that the increase in ac- 
curacy obtained from taking six positions 
instead of three does not live up to the 
theory. The cause for this may lie in the 
fatigue of the observed, or in movements 
of the theodolite during the longer term. 
The same effect is noticeable in the Nor- 
wegian report. 

The total length of the traverse as com- 
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TABLE 3 


Derived from 
Probable error 
6 positions 3 positions 


of a single position 
Average 1.2 1.1 
Maximum 2.2 2.1 
Minimum 0.5 0.2 

of the mean value 
Average 0.5 0.6 
Maximum 0.9 1.2 
Minimum 0.2 0.1 


puted from the three-position angle meas- 
urements was 0.02 m., or one part in 665,000 
longer than from the six positions. The 
greatest difference on any one course was 
approximately one part in 9000. The 
closure between the triangulation stations, 
using the six-position angles, was 1/8900. 
This compares with 1/8300 for the three- 
position measurements. 

Comparison of the subtense versus tape 
measurement of base lines is shown in 
Table 4. The 17 bases are divided into 
five groups of similar lengths as was done 
in Table 2. 


TABLE 4 


No. lines Average Average Difference 


ingroup length, s Tape and Subtense 
m. mm. 
20.7 1.6 1/13,000 
7 28.7 3.9 1/7360 
2 39.2 6.0 1/6530 
1 45.7 13.0 1/352C 
2 55.5 15.0 1/3700 


These results are below the probabilities 
indicated by Table 1, especially over the 
longer distances. In only two cases in the 
17 is the length from the tape shorter than 
by subtense. Since most errors in taping 
occur on the side of making the distance 
too great, this consistency may indicate 
some systematic error in the taped dis- 
tances. The length of the traverse as com- 
puted from the subtense bases is 1.84 
meters or 1/7,220 shorter than from the 
taped bases. The loop closure by sub- 
tense bases is 1/5,300. 
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Ficure 10.—Graphic comparison of formulas 

and field results 


Figure 10 shows by curves the comparison 
of the results obtained on the Norwegian 
and the Army Map Service projects, and 
those indicated by equation (5) and the H. 
Wild formula. The Norwegian results are 
obtained from the indicated angular errors; 
those of the Army Map Service from the 
differences between taped and _subtense 
distances. 

Both the errors from 6- and 4-position 
angle observations are shown by the curves 
of the Norway project. There is a note- 
worthy tendency of the field results to fol- 
low the curve of equation (5). Also, the 
results from six observations are quite con- 
sistently better than from four. 

The Wild formula, which is linear up 
to 100 m. appears to indicate errors larger 
than can be obtained. However, it is 
crossed by the curve of the Army Map 
Service work. 

There can be no doubt that the subtense 
method is sound, and that it will obtain 
satisfactory results. The evidence is, how; 
ever, that it is a supplement rather than a 
substitute for the tape. All records indi- 
cate the subtense is slower and more costly 
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than taping in the open, or when lines 
must be cleared for both methods. The 
subtense and short-base methods can be 
valuable under special conditions. When 
accurate work must be done in busy streets, 
the subtense may prove indispensable. The 
cost of the special equipment is a deterrent 
to the tacheometric method unless there is 
sufficient work to justify it. 

As for accuracy, it is believed the Ameri- 
can surveyor will in general be satisfied 
with the results obtainable, even with a re- 
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duced number of angle measurements and 
fairly long distances. It is hard to beat a 
tape both for speed and accuracy when it 
is in the hands of a skilled crew and under 
conditions suitable to its use. There re- 
mains a question, however,—How good is 
run-of-mine taping? This recalls a re- 
mark of an old county surveyor concerning 
the quality of taping,—‘One part in 250 
is rotten; one in 500 is good; one in 750 is 
excellent; and one in 1000—somebody 
lied!” 


Geological Survey to Show Fence Lines on 7'/,-Minute Maps 


According to a policy adopted recently by the 
Geological Survey, selected fence and field lines 
will be shown in the future on 72-minute quad- 
rangle maps in states east of the Mississippi 
River in which there are no public-land subdi- 
visions. Printed as fine dashed lines in red, the 
fence lines are expected to serve the same gen- 
eral purpose as section lines on maps in the 
public-land states. They are intended to assist 
the map reader to orient himself by providing 


additional planimetric detail, and to furnish a 
map framework from which property lines can 
be developed. 

The fence and field lines will be compiled 
from aerial photographs by plotting those that 
are clearly visible and that appear to be per- 
manent and useful. The fence-line information 
will not usually be checked in the field. It will 
probably be a year or two before maps with the 
new feature are published. 


For Extreme Accuracy . . 


EDO SURVEY DEPTH RECORDER 


The Edo Survey Depth Recorder, Model 255, was 
developed at the request of experts in the field of 
hydrographic survey. It is the finest equipment on 
the market for measuring the depth of water for 
survey purposes and for presenting in permanent 
form an accurate and legible record of the water’s 
depth. 

Accurate to within one-half of one per cent, the 
Survey Depth Recorder is designed in all respects 
to satisfy the most stringent requirements of cartog- 
raphers, oceanographers, dredgers and all others 
concerned with the exact depth of the water in chan- 
nels, harbors, inland or coastal waters. 

The equipment is readily installed to operate aboard 
survey vessels of all types . . . traveling at any 
speed up to 15 knots... in any water depth from 
three feet to 250 fathoms... whether fresh, brack- 


ish or salt. Its light weight permits permanent or 
temporary installation on large or small survey 
craft. 


EDO Model 255 is manually adjustable for 
transducer draft or sound velocity and 
records in eight ranges: 


0 to 70 feet or fathoms 
60 to 130 feet or fathoms 
120 to 190 feet or fathoms 
180 to 250 feet or fathoms 
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Fairchild identify 
Surveys these areas? 


save time 
and money 
for engineers and 
exploration men 


1. A geological survey in 


In every part of the United States—and 
all over the free world—engineers, city 
planners and exploration men are finding 
that Fairchild surveys are fast, accurate 
and less expensive. 


Whether you are a geologist working in | 


(1) Arizona; a city planner in (2) Chi- 
cago; a water works engineer in (3) 
Nevada; or an exploration geophysicist 
in (4) Wyoming, you can depend on 
Fairchild for the aerial survey you need 
when you need it. 


IRGHILD 


AERIAL SURVEYS, INC. 


4. An airborne magnetometer 
survey in 


Calif.: 224 Eleventh St. New York City, N.Y.: 30 Piaza Chicago, Ilinois.: 111 


Los 
West fashington St. * Atlanta, Georgia: 333 Candler Bid A ¥ City, N.Y.: 21-21 Forty-First Ave. * 
Boston, Mass.: New England Survey Service, Inc., 51 Cornhill « ie, Werks 
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Repair and Maintenance of 


Surveying Instruments 
By R. L. SARGENT 


HOUSTON, TEXAS 


N THESE TIMES, when we are all seek- 

ing ways to increase surveying accuracy 
and, at the same time, reduce costs, it seems 
especially appropriate, I think, to direct the 
following to those individuals and organiza- 
tions who are operating a considerable num- 
ber of surveying instruments. The owner 
of a single instrument may also profit, when 
like the larger operator he considers that 
unfortunately much of the time and effort 
spent on the distributing of errors and the 
devising of numerous short cuts in the some- 
times laborious methods of error distribution 
could be avoided, or at least minimized, if 
there were a better understanding of the 
elementary principles and methods of in- 
strument adjustment and maintenance. 

I recognize that it may be difficult to in- 
terest the advanced geodetic surveyor, an old 
time property surveyor, and some of our 
more accomplished mathematicians in such 
an elementary subject as instrument adjust- 
ment and maintenance. This is unfortunate 
indeed, as much time, effort and money are 
wasted because of the lack of appreciation 
for these truly basic requirements for a good 
surveyor. 

I would recommend to all who pursue 
surveying as a profession that they read and 
reread, again and again, those early chapters 
on instrument adjustment found in most 
every surveying handbook or text. Quite 
often we find that if we do not make fre- 
quent use of the elementary skills, of which 
instrument adjustment is one, we soon forget 
them, or at least we become inefficient in 
their use. It is indeed a deplorable thing, 
and certainly no credit to our profession, 
that an embarrassingly large number of sur- 


Presented at the 16th Annual Meeting of the 
American Congress on Surveying and Mapping, 
Washington, D. C., March 19-21, 1956. 


veyors cannot completely and _ properly 
adjust their surveying instruments. I say 
this with considerable accuracy because, 
over the past decade, I have adjusted several 
thousand instruments for surveyors, a few of 
whom were quite prominent. Have not 
many surveyors become so interested in such 
subjects as “Which coordinate system or 
map projection has the greatest merit” or 
“Politics in the County Commissioner’s 
Court” that they have forgotten how to 
double center their transits. 

While it is important both to be able 
to recognize when minor instrument adjust- 
ment is required and to possess the ability 
to perform the necessary, it is of equal im- 
portance to be able to recognize when a 
surveying instrument is in need of mechani- 
cal attention and complete cleaning. I am 
sorry if I have to be the one to dispel a 
popular myth, but I am forced to state that 
surveying instruments will not last forever. 
I am sure that you have all heard, or pos- 
sibly read, that it is almost impossible to 
wear out a surveying instrument and that 
they are frequently passed from father to 
son. While this may occasionally occur, 
it is certainly not the usual thing, and you 
may be certain that in such rare cases the 
owners were real instrumentmen. 

One of the first requirements for the 
proper and convenient maintenance and 
cleaning of instruments is a well lighted, 
clean room. The surveyor should strive to 
do this work with the least possible inter- 
ruption so that he may be free to concen- 
trate fully on the job at hand. 

How often should you clean your instru- 
ment? Please note that I say you clean your 
instrument. The answer is obvious—when 
it gets dirty. Certainly, the instrumentman 
using his instrument along a busy, gravel 
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road will need to clean his instrument much 
more frequently and thoroughly than one 
who is surveying grassland or one surveying 
in some forest area. Conditions around 
some construction projects are so bad as to 
require instrument cleaning on almost a 
daily or, at least, a weekly basis. 

The cleaning of the threads on the base 
plates of levels or transits can be most easily 
accomplished with a small pan of kerosene 
and a toothbrush. A very minimum of 
light grease applied either to the tripod after 
it is cleaned or to the base plate of the in- 
strument will do much to prevent the base 
plate from being jammed on the head. By 
screwing in, as far as possible, two leveling 
screws, it is often quite easy to remove the 
remaining two. When this is done, threads 
of the leveling screws as well as the bush- 
ings, or the threaded holes in the leveling 
spider, can be more readily, and certainly 
more thoroughly, cleaned than by superficial 
wiping off the dust and dirt which can some- 
times be seen on the lowest part of the level- 
ing screws. If one of the commercial clean- 
ing solvents is not available, ordinary 
kerosene and bristle brushes, similar to those 
used to clean revolvers, will remove accumu- 
lated grease, grit, and dirt from the screw 
threads. 

The same procedure can be applied to 
all the clamp and tangent screws, as well as 
the tangent spring barrels and housings. In 
removing the upper tangent screw bracket, 
be especially careful that none of the screws 
from a different spot on the instrument is 
improperly used to refasten the bracket in 
place. Usually the length of these screws 
is quite critical and one that is too long will 
bind the circle. 

Telescope axle bearings can be quite read- 
ily cleaned by removing the bearing caps 
above the telescope axle and carefully lifting 
out the telescope assembly. A word of cau- 
tion at this point—be very careful in laying 
the telescope assembly on the work bench to 
prevent damaging the vertical circle gradua- 
tions. The axle bearings may be cleaned 
with a soft cloth or lint-free lens tissue and 
relubricated before replacing. 

Should there be any binding in the ob- 
jective focusing mechanism on an instru- 
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ment with either internal or external focus- 
ing telescope, the cause may be eliminated 
by removing the objective lens, as well as the 
focusing pinion and telescope slide, after 
which both the rack and pinion may be 
thoroughly cleaned and relubricated. Lint- 
free lens tissue, or lint-free cloth, slightly 
moistened in a cleaning solvent, may be used 
to clean the inside of the telescope barrel. 
On internal focusing telescopes, while the 
telescope slide is out of the telescope barrel, 
it is an ideal time to clean the focusing lens, 
after which the rack and pinion as well as 
the slide can be lubricated and reinserted 
in the telescope barrel. Some instrument- 
men prefer to leave a very light film of 
grease near both the objective and eyepiece 
ends of the telescope, as this serves as a dust 
catcher and is found to be very helpful in 
preventing much of the dirt and debris fall- 
ing on the focusing lens or crosshairs, 
whether the latter be of spider silk or the 
etched-on-glass variety. Before cleaning 
and installing the objective lens, check to 
be sure that the two lens elements are secure 
in the mount. Some are held in place by a 
threaded retaining ring while others are 
“bezzeled in.” The latter are especially bad 
offenders at becoming loose and, at this 
point, it might be well to note that many 
errors in collimation are simply the result of 
either the lens elements being loose in the 
mount or the mount being loose in the tele- 
scope barrel. No adjustments involving the 
crosshairs should ever be attempted without 
first determining if the objective lens is 
secure. 

No other part of the optical system de- 
serves as much careful cleaning as does the 
eyepiece system. Small amounts of dirt and 
grease appearing on these lenses cause much 
greater loss of telescope efficiency than does 
an equal amount of dust or dirt on the ob- 
jective lens. Most eyepiece systems are held 
in place either by screws placed at right 
angles to the telescope or by threaded rings 
or collars near the eyepiece end of the tele- 
scope. Removing the entire eyepiece system 
will usually permit the eyepiece tube, with 
its four lenses, to be removed. It is then 
possible to remove the two individual cells, 
which are usually close friction fits. For 
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the relatively inexperienced, I suggest that 
the cells and their lenses be cleaned one at 
a time and replaced. This will prevent in- 
terchanging the lenses. It goes without 
saying, or it should go without saying, that 
one should be very careful when working 
around the eyepiece end of the telescope 
not to break or damage the crosshairs. On 
American-made, conventional instruments, 
the crosshair rings are immediately forward 
of the eyepiece system. 

With reasonable care, a few basic cleaning 
materials, and proper screwdrivers, most any 
surveyor worthy of the name can perform 
the simple operation described. At this 
point, however, additional care is recom- 
mended in the maintenance of transits. 
Remove the cap on which the plumb bob 
chain is attached, thereby exposing the cen- 
ter nut. Most makers provide a key which 
should, of course, be used when removing 
this nut. The instrument should be placed 
on its side while removing the center nut. 
Then with both hands on the instrument, 
one on the standards and one on the base 
plate, very carefully place the instrument 
in an upright position on the bench or table. 
In the case of a transit, it may be necessary 
at this time to remove the horizontal tangent 
screw bracket, after which it is possible to 
grasp the standards, one in each hand and 
lift straight up, gently, thereby exposing the 
spindle and horizontal circle for cleaning. 
One should be especially careful of avoid 
rubbing the horizontal circle or vernier with 
anything of an abrasive nature. In fact, 
the less rubbing of any kind the better. Pos- 
sibly the best advice to give at this point 
would be to limit the cleaning of the hori- 
zontal circle and verniers to that which can 
be accomplished with a soft camel hair 
brush. Damage to the horizontal circle and 
verniers require some of the most expensive 
repairs. If the lower motion clamp is loos- 
ened, the horizontal circle may be lifted from 
its socket and both the inner and outer sur- 
faces cleaned and lubricated. 

The make, or type, of lubricant to be used 
at various places on surveying instruments 
deserves some mention and probably the 
most accurate thing that can be said is, 
“Use very little.” Most of the instrument 
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manufacturers will supply instrument oil 
and instrument grease of the proper type 
and viscosity but, unfortunately, they cannot 
supply the judgment that must be used in 
their application. Suitable lubricant and 
grease can also be obtained in some of the 
better know instrument repair shops 
throughout the country whose owners are 
co-operative. It is always well to follow the 
manufacturer’s recommendations in the 
selection and application of lubricants. 

No discussion concerning the cleaning and 
general maintenance of surveying instru- 
ments would be complete without some 
mention of the European-type theodolites 
or transits. They are rapidly coming into 
more widespread use. These instruments, 
which are capable of great accuracy, are 
made up of a great number of parts, some of 
which are fitted and machined to remark- 
ably close tolerances. The disassembly, 
cleaning, and complete adjustment of these 
instruments should be left to the experi- 
enced repairman, a relatively few of whom 
have had sufficient experience to undertake 
complete major overhauls of the European 
theodolites. The adjustment of optical mi- 
crometers, the centering and cleaning of 
graduated glass circles, and the realignment 
of lenses and prisms on most of the foreign 
theodolites, are time consuming jobs requir- 
ing a cleanliness too seldom found in the re- 
pair shop in the United States. This ex- 
treme cleanliness is required because of the 
high magnification of the reading micro- 
scopes involved. It is unfortunate, but true, 
that these microscopes magnify tiny particles 
of dust and dirt as well as circle graduations. 

The cleaning and maintenance, as well as 
the adjustment, of most of the European 
levels are not so different from what is re- 
quired for the American product and can, 
with a little forethought and care, be per- 
formed by most instrumentmen without dif- 
ficulty. 

In closing, I would like to call your atten- 
tion to an often neglected piece of surveying 
equipment, the tripod. Seriously worn tri- 
pod-leg bolts and the matching holes in the 
tripod head are frequent sources of error and 
have undoubtedly resulted in many needless 
attempts at adjustment on the instrument 
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proper. This same may be said of loose 
tripod shoes. All too frequently the tripod 
does not receive the same care that the in- 
strument itself receives, though a tripod in 
poor condition can contribute greatly to 
poor instrument work. Few surveyors re- 
turn their tripods to repair shops for service. 
It seems they always suspect the difficulties 
are in the instrument alone. Sometimes 
they are, but quite often it is the tripod that 
is the culprit. The apparent accuracy of an 
instrument can be prolonged considerably 
if frequent attention is given to its tripod. 

To individuals or organizations who con- 
template frequent instrument adjustment, I 
suggest the establishment of either a testing 
yard or a collimator room, either of which 
greatly increases the speed and convenience 
with which the adjustments can be per- 
formed. Again, several manufacturers, as 
well as some of the better known repair 
shops (unless some of the latter are afraid 
of losing business) will generally provide the 
necessary equipment and instructions for in- 
stalling a collimator set-up where instru- 
ments can be adjusted with great precision, 
convenience, and accuracy. 
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Repairs and adjustments requiring spe- 
cialized equipment and specialized skills, 
other than those I have mentioned above, 
should be entrusted only to a complete re- 
pair shop, properly equipped and staffed, 
or returned to the manufacturer. 

Have we not all seen fine instruments 
placed on the bed of a pickup truck and 
bounced merrily along to the job site and 
then made to endure eloquent profanity for 
not holding their adjustment, or, worse still, 
some innocent manufacturer or repair shop 
unjustly blamed for poor manufacture or 
workmanship. 

Seeking the advice and suggestions of in- 
strument manufacturers, reference to one or 
more of the manuals published by various 
instrument makers, reference to almost any 
standard surveying text, plus the applica- 
tion of reasonable judgment and a sincere 
desire to operate only an instrument that is 
capable of good work, will, I believe, do 
much to improve the quality of all our sur- 
veying. Certainly it will minimize some of 
the errors. This, in turn, will not only make 
our work more pleasant but more lucrative 
as well. 


Buggy Traverse—Old and New 


Tijdschrift voor Kadaster en Landmeetkunde, 
Vol. 72, No. 4, August 1, 1956, came across the 
desk of our Executive Secretary. His sharp eye 
noted a reproduction of an illustration from 
“The Story of Maps” by Lloyd A. Brown. 

This illustration shows two 16th century gen- 
tlemen riding in a four-wheeled carriage drawn 
by a team of horses. On one of the horses is 
mounted a footman, wearing a tall hat and car- 
rying a whip. Apparently he is the one who is 
responsible for guiding the carriage along its ap- 
pointed route. The two gentlemen riding the 
back of the carriage are apparently conducting 
the survey, using wheel revolutions as a meas- 
ure of distance and a compass for determining 
directions. Obviously this is meant to show 
route-sketching operations as conducted in the 
16th century. 

Mr. Dix referred the publication to us with 
the following note clipped to the appropriate 

age. 
. “In the early days of TVA, TVA mappers 


made ‘hasty reconnaissance’ county maps by 
rapid automobile surveys, wherein the speed- 
ometer gave distances, and sun compass 
mounted on the hood gave direction. Not too 
far apart from the 16th century job deluxe.” 

All right—so 16th century methods, slightly 
modified, were used in the 20th century. What 
of it? The main thing is to get the end result, 
with all needful accuracy, at the least possible 
cost, Just because a method is old is no sign 
that it is no good. We remember back to the 
days when “buggy traverse” was s.0.p. in the 
Geological Survey and, for the purpose for 
which it was intended and for the use that was 
made of it, served very well. No one method of 
operation, no one type of surveying equipment, 
no one manual of instructions can fill the bill 
for all types of surveys. The man who gets the 
most for his money in survey work is the one 
who will adapt his equipment and methods to 
the job in hand at the time. 
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Surveying and Mapping News 


Members are requested to send in surveying and mapping news items for publication in 
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CURRENT SURVEYING AND MAPPING LITERATURE 
MAGAZINE ARTICLES 


General Interest 


SPECIALIZATION PAYS OFF FOR RAND 
McNALLY & COMPANY. H. H. Slawson. 
Modern Lithography, Vol. 24, No. 7, July 1956. 
(General article on the work and products of the 
well-known mapmaking firm, commemorating the 
100th anniversary of its establishment, and il- 
lustrated by photographs of its personnel and the 
interior of its plant.) 


FUNCTIONAL ENGINEERING  PRAC- 
TICES IN THE DRAFTING ROOM. Thomas 
R. Sainsbury. Bureau of Ships Journal, Vol. 5, 
No. 3, July 1956. (Recounts efforts to overcome 
the lack of training in drafting skills.) 


MIND YOUR LANGUAGE. Charles M. 
Bayer. Civil Engineering, Vol. 26, No. 8, August 
1956. (A newspaper man expresses the wish 
that engineers and other professional men could 
express themselves clearly and effectively to lay- 
men. ) 


TRAINING GROUND FOR SURVEYORS 
AND MAPPERS. Clair E. Ewing, Colonel, 
USAF. Bulletin Geodesique (The Journal of 
the International Association of Geodesy.) Nou- 
velle Serie, No. 40, 1 June 1956. (An advanced 
student’s evaluation of the curriculum of the In- 
stitute of Geodesy, Photogrammetry and Carto- 
graphy of The Ohio State University founded by 
Past President George H. Harding of ACSM.) 


GEODETIC SURVEYS ALASKA. 
Charles A. Whitten. The Military Engineer, Vol. 
48, No. 324, July-August 1956. (Non-technical 
account of past and present survey operations in 
Alaska. ) 


SCIENTISTS AND ENGINEERS: QUAN- 
TITY PLUS QUALITY. Lee A. DuBridge. 
Science, Vol. 124, 3216, August 17, 1956. 
(Views on the causes of the shortage of engineers 
and scientists and possible cures for it.) 


PLANT SECURITY. Major Abraham Glass. 
The International Blue Printer, Vol. 29, No. 8, 
September 1956. 


(Address on the Industrial 
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Security Program given at the 30th annual 
IABPAI convention in Los Angeles.) 


WHAT THE FUTURE HOLDS FOR THE 
EARTH SATELLITE. R. P. Haviland. Gen- 
eral Electric Review, Vol. 59, No. 5, September 
1956. (Illustrated nontechnical explanation of 
the theory behind the earth satellite, its instru- 
ments and the possibility of its contribution to 
mapping and geodesy.) 


Cartography 


THE CASTLEMAINE MAP. No author 
given; appears under section on “Contemporary 
Cartography.” Cartography, Vol. 1, No. 3, 
March 1956. (Describes methods used to pro- 
duce the first standard 2-inches-to-l-mile map by 
the Victorian Crown Lands and Survey and uses 
a portion of the map as an illustration.) 


HAND LETTERING AND “STICK-ON” 
LETTERPRESS, J. J. Ovington. Cartography, 
Vol. 1, No. 3, March 1956. (Argues the case 
for handlettering. ) 


THE COMPUTATION OF GEODETIC 
AREAS OF STANDARD MAP SHEETS IN 
VICTORIA. E. T. Homewood, Department of 
Lands and Survey, Victoria, Australia. Empire 
Survey Review, Vol. 13, No. 101, July 1956. 
(Describes procedure adopted and gives formulas 
applied. ) 


MAPPING THE FALKLAND ISLANDS 
DEPENDENCIES. Petra Leay. The Polar 
Record, Vol. 8, No. 53, May 1956. (An account 
of surveying and mapping activity in a little- 
known part of the world.) 


THE OBLIQUE MERCATOR PROJEC- 
TION. L. P. Lee. Empire Survey Review, Vol. 
13, No. 101, July 1956. (A discussion of the 
properties of this projection with formulas for 
its construction and a geometrical demonstration 
of its proof.) 


SIGNPOSTING THE SEA. Noel Richley. 
Nautical Magazine, Vol. 176, No. 1, July 1956. 
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(Brief account of the charting activities of the 
British Admiralty.) 


GRAPH-STRIP. Karl W. Fretcher, Research 
Technologist under direction of Charles W. Ben- 
nett, Chief, Map Reproduction Branch. Modern 
Lithography, Vol. 24, No. 8, August 1956. (De- 
tailed, illustrated description of a strip process 
developed and used in the Geological Survey.) 


PLATE MAKING AND HUMIDITY. Jerry 
M. Greeson. The National Lithographer, Vol. 
63, No. 8, August 1956. (Discussion of a well- 
known problem in lithographic technique. ) 


A METHOD FOR DRAWING THE GREAT 
CIRCLE PATH BETWEEN ANY TWO 
POINTS ON EARTH. J. H. Meek. Geophysical 
Research, Vol. 61, No. 3, September 1956. 
(Quick and convenient ways are given of tracing 
around the earth the great circle joining two 
points or the great circle of given bearing at a 
point. ) 


Control Surveys 


THE FUTURE OF RADIAL TRIANGULA- 
TION. R. Roelofs. Photogrammetria, Vol. 12, 
No. 4, 1955-1956. (Suggests that development 
of new instruments may revive use of the method 
and illustrates his theory by numerous diagrams 
and formulas.) 


AN ANALYTICAL METHOD OF AERIAL 
TRIANGULATION. Dr. Ugo Bartorelli. 
Photogrammetria, Vol. 12, No. 4, 1955-1956. 
(Mathematical discussion of method.) 


ANALYTICAL AERIAL TRIANGULA- 
TION AND COMPARISON BETWEEN IT 
AND INSTRUMENTAL AERIAL TRIANGU- 
LATION. G.H. Schut. Photogrammetria, Vol. 
12, No. 4, 1955-1956. (An argument for the 
feasibility of the analytical method in light of 
the development of new instruments. ) 


RATIONAL ADJUSTMENT OF BLOCKS 
OF AERIAL TRIANGULATION. A. J. van 
der Weele. Photogrammetria, Vol. 12, No. 4, 
1955-1956. (Suggests a method which, in some 
cases, may save time and money without impair- 
ing quality.) 


AIRBORNE CONTROL METHOD OF 
AERIAL TRIANGULATION. T. J. Blachut. 
Photogrammetria, Vol. 12, No. 4, 1955-1956. 
(Describes two new techniques to allow bridging 
of longer arcs.) 


A CONTRIBUTION TO THE PROBLEM 
OF ANALYTICAL AERIAL TRIANGULA- 
TION. H. G. Jerie. Photogrammetric Engi- 
neering, Vol. 22, No. 1, March 1956. (Presents 
a method designed for computing directly the 
elements of absolute orientation by using “de- 
pendent pairs” instead of “independent stereo- 
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pairs” which require subsequent work for their 
mutual correlation. ) 


FIELD USE OF THE GEODIMETER. C. 
K. Waller. Cartography, Vol. 1, No. 3, March 
1956. (Description of the operation of the geo- 
dimeter as a practical field instrument in Aus- 
tralian surveying. ) 


INTRODUCTION TO THE’ GEODI- 
METER. G. R. L. Rimington. Cartography, 
Vol. 1, No. 3, March 1956. (Description of the 
device which is regarded as well adapted to the 
problems of Australian mapping.) 


APPLICATION OF TWO-RANGE DECCA 
TO HYDROGRAPHIC OPERATIONS IN 
CANADA. Ian A. Miller. The Canadian Sur- 
veyor, Vol. 13, No. 2, April 1956. (Describes a 
refinement of the Decca navigational aid as ap- 
plied to hyprographic surveying. ) 


ANALYTICAL AERIAL TRIANGULA- 
TION. G.H. Schut. The Canadian Surveyor, 
Vol. 13, No. 2, April 1956. (General discussion 
with description of method employed by the 
Photogrammetric Section of the National Re- 
search Council cf Canada.) 


THE STATISTICAL CONTROL OF AER- 
IAL TRIANGULATION. D. W. G. Arthur. 
The Photogrammetric Record (London), Vol. 
2, No. 7, April 1956. (Expresses belief that 
some form of statistical control is necessary in 
numerical aerial triangulation. ) 


AERIAL ELECTRONIC SURVEYING. 
Colonel B. B. Hunkapiller, USAF. Navigation, 
Vol. 5, No. 2, June 1956. (Discussion of geo- 
detic surveying by use of aircraft with special 
reference to shoran and hiran methods.) 


CRUSTAL MOVEMENT IN CALIFORNIA 
AND NEVADA. C. A. Whitten. Transactions 
American Geophysical Union, Vol. 37, No. 4, 
August 1956. (Describes the geodetic approach 
to an evaluation of earth shifts due to seismic 
forces. ) 


Education 


THE NEW GRADS—WHERE DID THEY 
GO? ENR Staff Report. Engineering News- 
Record, Vol. 156, No. 25, June 21, 1956. 
(Analysis of employment of new engineer gradu- 
ates from various representative engineering 
schools. ) 


Instruments 


INTRODUCTION TO THE  GEODI- 
METER. G. R. L. Rimington. Cartography, 
Vol. 1, No. 3, March 1956. (‘A ‘down to earth’ 
description of an instrument of great potential 
use to Australian Mapping.” ) 
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PRINTER-RECTIFIER. Dr. Gino Parenti. 
Photogrammetria, Vol. 12, No. 4, 1955-1956. 
(Progressive development and improvement of 
the photo-printer. ) 


CONSIDERATION ON PHOTOGRAM- 
METRIC PLOTTING INSTRUMENTS 
UTILIZING MECHANICAL PROJECTION. 
M. Santoni. Photogrammetria, Vol. 12, No. 4, 
1955-1956. (Account of the development and 
description of certain features of the latest San- 
toni plotting instrument.) 


THE COINCIDENCE READING GEO- 
DETIC TAVISTOCK THEODOLITE.  E. 
Wilfred Taylor. Empire Survey Review, Vol. 
13, No. 101, July 1956. (Detailed, illustrated 
description designed to eliminate weaknesses in 
previous models. ) 


Property Surveys 


MORE THAN BOUNDARY LINES. Wil- 
liam D. Pattison. Our Public Lands, Vol. 6, 
No. 1, February-March 1956. (Notes on the 
early achievements of surveyors for the General 
Land Office.) 


TRAIL OF THE TRANSIT. Robert S. Hall- 
iday. Our Public Lands, Vol. 6, No. 1, Febru- 
ary-March 1956. (Biographical sketch of the 
highlights in the career of Andrew Nelson, the 
oldest veteran among the land surveyors of the 
Bureau of Land Management.) 


PUBLIC LANDS AND CADASTRAL SUR- 
VEYS IN QUEBEC. Dr. Georges Cote, F. R. I. 
C. S. The Canadian Surveyor, Vol. 13, No. 2, 
April 1956. (Detailed historical discussion.) 


MEASUREMENT OF STAND DENSITY 
IN FOREST PHOTOGRAMMETRY. S. T. B. 
Losee. The Canadian Surveyor, Vol. 13, No. 2, 
April 1956. (Explanation of the basic applica- 
tion of the photogrammetric method to forest 
surveys. ) 


THE ORDNANCE SURVEY AND THE 
PUBLIC. Major-General J. C. T Willis. The 
Geographical Journal (London), Vol. 122, Part 
2, June 1956. (Describes the work of the 
Ordnance Survey with reference to revision of 
the 1: 2,500 plans, which cover the country, and 
of the development of the 1: 1,250 series covering 
urban areas which is 52% complete.) 


Topography 


SMALL SCALE MAPPING. T. J. Blachut. 
Photogrammetria, Vol. 12, No. 4, 1955-1956. 
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(Description of general development, achieve- 
ments, and trends in the field and summary of 
the more important information obtained through 
a questionnaire distributed to all the member 
countries of the International Society of Photo- 
grammetry. ) 


QUANTITATIVE EVALUATION OF 
PHOTO INTERPRETATION MAPPING. 
Harold E. Young and Ernest G. Stoeckler. 
Photogrammetric Engineering, Vol. 22, No. 1, 
March 1956. (Discussion of the accuracy of 
photo interpretation used in the preparation of 
the various elements included in mapping.) 


AIRPHOTO INTERPRETATION OF A 
PROVINCE. H. L. Cameron. The Canadian 
Surveyor, Vol. 13, No. 2, April 1956. (Dis- 
cussion of the various applications of photogram- 
metry to research projects in Nova Scotia.) 


COMPASS SURVEYING GROWS UP— 
THE COMPASS-THEODOLITE METHOD 
OF ECONOMICAL SURVEYS. Thomas E. 
Riley. The Canadian Surveyor, Vol. 13, No. 2, 
April 1956. (Primarily a description of a me- 
thod employing a recently developed instrument, 
the compass-theodolite, in forestry surveys.) 


A METHOD OF SUPPLYING CONTOURS 
FROM FOUR SUITABLY PLACED SPOT 
HEIGHTS USING PARALLAX BAR OBSER- 
VATIONS ON A PAIR OF PHOTOGRAPHS. 
H. G. Reading. The Photogrammetric Record 
(London), Vol. 2, No. 7, April 1956. (Des- 
cription of method.) 


THE USE OF PLOTTING MACHINES 
FOR. 1:1,250 AIR SURVEY BY THE ORD- 
NANCE SURVEY. Major D. V. Hutchinson. 
The Photogrammetric Record (London), Vol. 2, 
No. 7, April 1956. (Brief historical summary 
of the employment of plotting equipment by the 
Ordnance Survey.) 


A NEW PHOTO METHOD FOR MEASUR- 
ING THREE DIMENSIONAL OBJECTS. My- 
lon Merriam. Photographic Engineering, Vol. 
7, No. 2, 1956. (Describes a new photographic 
method, developed by the Army Map Service, 
for measuring the spatial dimensions of three 
dimensional objects. ) 


DESIGN FOR A TOPO BEACON. Lt. Col. 
C. A. Biddle. Empire Survey Review, Vol. 13, 
No. 101, July 1956. (Describes construction of 
an inexpensive portable target for field survey- 
ing. ) 


BOOKS AND PAMPHLETS 


THE HISTORY OF THE TELESCOPE. 
H. C. King. Charles Griffin and Company 


Limited, London, 1955. xvi and 456 pp. 50s. 


net. 


OFFICE AUTOMATION, INTEGRATED 
AND ELECTRONIC DATA PROCESSING. 
R. Hunt Brown, Automation Consultants, Inc., 
1955. 283 pp. 
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PHOTOGRAMMETRIC CONVERSION 
TABLES. Washington, 1955, 160 pp. (AMS 
key No. 209423.) 


LETTERING AND ALPHABETS. J. Albert 
Cavanagh. Dover Publications, Inc., Dept. DA, 
920 Broadway, New York 10. $3.00 cloth, $1.00 
paper. 

MAPS AND WATER. Hugh C. Mitchell, 
Principal Mathematician (Retired) U. S. Coast 
and Geodetic Survey. Published by the author. 
Washington, D. C., March 1956. 


TERRAIN MODELS AND RELIEF MAP 
MAKING. U. S. Department of the Army. 
GPO, 1956, 69 pp. (TM 5-249.) 


MAKING AND USING A TELESCOPE. 
H. P. Wilkins and P. Moore. Eyre and Spottis- 
woode Limited, London, 1956. 160 pp. 12s. 
6d. net. 
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SUBDIVISION IN DELAWARE COUNTY 
1951-1955. Delaware County, Pennsylvania, 
County Planning Commission. Media, March 
1956, tables, maps, 7 pp. Map information 
bulletin No. 10. 

THEODOLITE DESIGN AND CONSTRUC- 
TION. 2nd edition. E. W. Taylor. York 
(Eng.): Cook Troughton and Simms, Ltd. 1956. 
136 pp. 

SURVEY OF KENYA, ADMINISTRATION 
REPORT, 1955. Government Printer, Nairobi, 
1956. 25 pp., tables, progress diagrams. 

CARTOGRAPHIC AERIAL PHOTOGRA- 
PHY. U. S. Department of the Army. Wash- 
ington, 1956, 72 pp. TM 5-243. 

MAPS. Walter W. Ristow. Quarterly Jour- 
nal of Current Acquisitions, Vol. 13, No. 4, 
August 1956. (Annual report of the Map Divi- 
sion, Library of Congress. ) 


DISTINCTIVE RECENT MAPS 


The increasing tempo of activities in Antarctica, 
related to the program of the International Geo- 
physical Year, 1957-58, has stimulated prepara- 
tion of new maps of the south polar lands. Under 
the sponsorship of the U. S. National Committee 
for the I.G.Y., the American Geographical Society 
has prepared a complete revision of its may of 
Antarctica first issued in 1928. The new map 
is drawn on a polar stereographic projection at 
the approximate scale of 1: 3,000,000. It is 
printed on four sheets, each measuring 42 by 42 
inches. Land elevations are indicated by general- 
ized contours spaced at 200, 500, 1000, and 1500 
meters, and at 500 meter intervals thereafter. 
Submarine contours are at 200, 500, 1000, and 
2000 meters, and at 1000 meter intervals below 
this level. The relation of the United States to 
Antarctica, and the status of mapping in Antarc- 
tica as of December 1955, are shown on inset 
maps. 

The Antarctic map has not been printed be- 
cause it will be brought up-to-date during the 
next two years as new data are received. Black 
and white contact prints ($7.00 for the set of 4 
sheets) may be ordered from the Society. A re- 
duced edition (1:6,000,000) on a single sheet, 
printed in black and two shades of blue, is avail- 
able at one dollar (folded) and two dollars 
(rolled) per copy. 

The National Mapping Office of Australia, 
Canberra, has also issued a new (1956) edition 
of its map of Antarctica first published in 1939. 
It is at the scale of 1: 10,000,000 and measures 
37 by 28% inches. “Coastal Regions of the 
Australian Antarctic Territory” are shown in an 
enlarged inset (1: 7,000,000), and a reduced inset 
map (1: 60,000,000) portrays “The Antarctic 
Continent in Relation to the Principal Land 
Masses of the Southern Hemisphere.” 

Map of the Antarctic Regions is a publication 
of the New Zealand Lands and Survey Depart- 


ment, Wellington, New Zealand. The scale at 
latitude 60° S. is 1: 16,000,000, and the map 
sheet measures 30 by 29 inches. Land areas are 
shown in buff and waters and ice shelves in blue. 
Areas claimed by members of the British Common- 
wealth are outlined in red. Published in 1955, 
this is the second edition of the map. 


The U. S. Geological Survey published in 1955 
a map showing Oil and Gas Fields of the United 
States. It was compiled by Ann C. Coe, Louis C. 
Conant, and Sophia Drakoulis and is based on 
data mostly as of August 1, 1955. Oil fields, gas 
fields, oil shale regions, areas of basement rock, 
distinctive structural basins, oil and gas pipelines, 
and refining centers are indicated by appropriate 
colors or symbols. The map, which is at the scale 
of 1: 2,500,000, is printed on two sheets each 
measuring 481 by 39 inches. Copies may be or- 
dered from the Geological Survey, Washington, 
D. C. at $2.00 apiece. 


A Map of the United States is the supplement 
for the September 1956 National Geographic 
Magazine. The last previous National Geographic 
map of our country was published in 1951. The 
new map is at the scale of 72 miles to an inch— 
larger than the 1951 edition. 

There have been a number of changes in the 
United States during the past five years and many 
of these are recorded on the map. It includes, 
for example, 2200 miles of high-speed non-stop 
expressways which have been built since 1951. 
Also shown are such recent engineering projects 
as the Lake Pontchartrain and Straits of Mack- 
inac bridges, the dams along the Missouri River, 
and the St. Lawrence Waterway. One hundred 
National Parks and Monuments are also located. 
There are inset maps of Alaska, Hawaii, New 
York City and vicinity, and New Brunswick and 
Nova Scotia. 
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A Preliminary Geological Map of Connecticut 
was published in 1956 by the Connecticut Geo- 
logical and National History Survey. Compilers 
are John Rodgers, Robert M. Gates, Eugene N. 
Cameron, and Reuben J. Ross, Jr. Triassic rocks 
of the Newark group, primarily in the central 
part of the State, and pre-Triassic rocks of western 
and eastern Connecticut, are shown by letter 
symbols. Faults and geologic contact lines are 
also marked. The map scale is 1: 253,440 and 
measurements are 20 by 27 inches. The base 
map was prepared by General Drafting Co., Con- 
vent Station, New Jersey. 


James A. Bier has prepared an Ohio Landform 
Map, which was published in 1956 by the Ohio 
Division of Geological Survey, Columbus. Using 
the perspective technique perfected by A. K. 
Lobeck and Erwin Raisz, the map portrays the 
general physiographic character and regions of 
the State. The scale is 1: 1,250,000 and the size 
14 by 13 inches. Bier’s map is very similar to 
the “Physiographic Map of Ohio,” prepared by 
Reuel B. Frost, and published in 1931 by the 
Geographical Press. 


The State of Illinois each year derives almost 
two and a half billion dollars from the output of 
its mines, quarries, and pits. The distribution of 
these rich natural resources is shown on a map 
of Mineral Industries of Illinois compiled and 
prepared by the Educational Extension Division, 
State Geological Survey, Urbana, Illinois. Re- 
sources are grouped under the headings of Min- 
eral Fuels, Rock and Rock Products, Sand and 
Gravel, Clay and Clay Products, Groundwater, 
and Fluorspar and Metals. The map, which 
was published in 1955, is at the scale of 1: 500,000 
and measures 48 by 28 inches. 


Sten. Sture Paterson, Department of Geography, 
Royal University of Géteborg, Sweden, has com- 
piled an interesting map of the Forest Area of the 
World. Printed in 1956 by Kartografiska Insti- 
tutet of Stockholm, the map shows, by a system 
of open and colored squares, “accessible forest,” 
“inaccessible forest,” and “other forest.” Extent 
of forest areas is indicated by size and number of 
squares. International boundaries, railroads, and 
major inhabited cities and towns are also shown. 
The map is laid out on Goode’s interrupted 
homolosine projection. It is 30 by 52 inches 
and is at the scale of 1: 30,000,000. 


Befolkningens férdelning i Sverige is a new 
population distribution map based on the 1950 
census of Sweden. It was compiled by Tidnings- 
statistik Aktebolag, and published by General- 
stabens Litografiska Anstalts Férlag, Stockholm 16. 
Population is shown by dots in the open country 
and graduated circles classify cities by popula- 
tion groups. There are six enlarged insets of 
major concentrations of population. The scale 
of the map is 1: 300,000 and it measures 47 by 
21 inches. 


497 


Regions Agricoles de France is a colorful nine- 
sheet map outlining the agricultural regions of 
that country. It was compiled under the sponsor- 
ship of Institut National de la Statistique et des 
Etudes Economique and the Bureau de la Statis- 
tique du Ministére de l’Agriculture utilizing the 
regions delimited by the Directions des Service 
Agricoles. The map, which is at the scale of 
1: 500,000; unfortunately does not have a legend. 
A separate brochure naming and describing the 
regions may be ordered from Institut National de 
la Statistique et des Etudes Economique, 29, Quai 
Branly, Paris, France. The price is 150 francs. 


A 1955 economic map of France (Chambre de 
Commerce et Regions Economiques) has been 
compiled and published by L’Assemblée des Presi- 
dents des Chambres de Commerce de L’Union 
Frangaise, and printed by the Société Francaise 
de Cartographie. Economic regions and Chamber 
of Commerce administrative areas are outlined, 
and various industrial, commercial, and educa- 
tional centers are located. The map is at the 
scale of 1: 1,750,000 and measures 24 by 25 
inches. There are small inset maps of Algeria 
and Corsica. 


Dr. Joseph Klatzmann, of the French Institut 
National de la Statistique et des Etudes Fcono- 
miques is the compiler of a new Carte de L’Utili- 
sation des Terres en France. It shows the prin- 
cipal types of agricultural land use, with coeffi- 
cients of intensity, by colored bars of varying 
width. A descriptive “Notice” describing the 
system and symbols used on the map is printed 
within the left margin. The map measures 27'/2 
by 31 inches and is at the scale of 1: 1,400,000. 


The Central Office of Geodesy and Cartog- 
raphy, U.S.S.R. Ministry of Internal Affairs, Mos- 
cow, published in 1955, a detailed and colorful 
Forest Map of the U.S.S.R. (Karta Lesov 
S.S.S.R.) in 32 sheets. The map, which is at 
the scale of 1: 2,500,000, is accompanied by a 
composite map, at the scale of 1: 15,000,000, on 
which the index grid is superimposed. Com- 
pilers of the map are F. M. Kozlova and V. P. 
Sepliceva. Appropriate colors differentiate fifteen 
predominant forest types. 


A Railway Map of India, corrected to March 
31, 1955, is a new accession in the communica- 
tions group. It was published under the direction 
of the Surveyor General of India and printed at 
the Survey of India Offices, Dehra Dun. Colors 
differentiate single and double tracks, types of 
gauge, and routes sanctioned or in construction. 
The scale of the map is 1: 4,250,000 and it 
measures 30 by 39 inches. 


The Surveyor General of Ceylon published in 
February 1956 a Land Utilization Map of Ceylon 
at the scale of 1: 1,500,000. “Paddy,” “Coco- 
nut,” “Tea,” “Rubber,” “Other Cultivation,” 
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and “Forest Reserves,” areas are indicated in 
different colors. Symbols locate nurseries, or- 
chards, feed and seed stations, agricultural re- 
search stations, etc. Roads, railways, and admin- 
istrative boundaries are also shown. Measure- 
ments of the map are 12 by 8 inches. 


The wine industry of Algeria is presented carto- 
graphically on L’Algérie Vinicole prepared under 
the sponsorship of the Ministére de l’Agriculture, 
Gouvernment Général de l’Algérie and profes- 
sional wine growers associations of Algeria. The 
map is associated with the “Atlas de la France 
Vinicole,” prepared under the editorship of. L. 
Armat, 80, Boulevard Haussmann, Paris, 8, 
France. The principal map is at the scale of 
1: 1,000,000. There the enlarged insets (1: 500,- 
000) of the major vineyard centers bordering 
Alger and Oran. 


The first two sheets (of 15) have been received 
of Marcel Soret’s Carte Ethnique de l'Afrique 
Equatoriale Frangaise, at the scale of 1: 1,000,000. 
The series is being compiled under the sponsor- 
ship of Intitut d’Etudes Centrafricaines, Office 
de la Recherche Scientifique et Technique Outre 
Mer (France). The two sheets in hand were 
printed in 1955 by Service Geographique de 
l'Afrique Equatoriale Frangaise, Cameroun. Sheet 
No. 1 covers the Brazzaville area, and No. 2 
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entitled “Point Noire,” is immediately to the 
west. Colored symbols differentiate more than 
50 ethnographic groups on the two maps. 


The Pastoral Map of the Northern Territory 
of Australia delimits pastoral and mission-lease 
areas, pastoral holdings, and aboriginal and other 
reserves, and shows stock routes, highways, railway 
and telegraph lines, as well as tidal flats, swamps, 
mangroves, and spot elevations. It was compiled 
in the Survey Office of the Northern Territory 
Administration and published in 1955 by the 
National Mapping Office, Canberra. The scale 
is 1: 2,000,000 and the measurements are 36 
by 24 inches. 


A Geological Map of the British Territories in 
Borneo was published in 1955 by the Geological 
Survey Department, Kuching, Sarawak. The 
map, at the scale of 1: 1,000,000, was prepared 
in co-operation with Sarawak Oil Fields, Ltd., 
and the British Malayan Petroleum Company, 
Ltd. Twelve formations ranging in age from 
“Ultra-basic” to Quaternary are delimited. The 
map also shows international boundaries, height 
of mountains in feet, roads, and railroads. It 
measures 29 by 43 inches and is issued folded with 
a protecting cover. 

—Wa ter W. Ristow 
Library of Congress 
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Books in Review 


“GEOLOGY AND OURSELVES. F. H. 
Edmunds. Philosophical Library, Inc., New 
York, 1956. 256 pages+ 10 plates. $10.00. 


Although written by a geologist, this book is 
written for the layman. As stated by the author, 
the book is aimed at answering the question, 
“What is the economic use of geology?” It 
serves this purpose admirably. Although it 
will not be light reading for those with no 
knowledge of geology, the material presented 
is clearly and concisely stated, adequately illus- 
trated, and should be both understandable and 
instructive to the serious reader. 

More than one third of the book deals with 
the history of geology, the fundamentals of geol- 
ogy, and the common techniques of geology. 
Of particular interest is Chapter V, Geological 
Surveys and Mags; the author shows clearly the 
differences in approach and in methods between 
making topographic maps and making geologic 
maps. 

The remainder of the book is concerned with 
the ways in which geology affects or contributes 
to a wide variety of economic endeavor. The 
chapter on water supply is particularly well 
done; the occurrence and hydrology of under- 
ground water are related to the geologic environ- 
ment. Geologic factors affecting water storage 
above ground are discussed. The chapter on 
building materials considers the availability of 
natural stone for various purposes, the geologic 
nature of raw materials for Portland cement, 
brick clays, etc. Similar treatment is given the 
other chapters, which cover “Civil and Struc- 
tural Engineering,” “Coal and Coal Mining,” 
“Ores—Prospecting and Mining,” “Mineral Oil 
(petroleum) and Natural Gas,” “Geology and 
Agriculture,” and a few miscellaneous topics. 
Many specific examples are presented in some 
detail showing the relationship of geology to the 
interests of man. 

Practically all of the examples given are 
‘drawn from the author’s experience and associa- 
tions in the British Isles; the American reader 
will miss the reality of situations and places 
familiar to him. Part of the technical termin- 
ology and most of the stratigraphic nomencla- 
ture are purely British and depart appreciably 
from America usage; although unfamiliar, it is 
all comprehensible. 

This reviewer was pleased to find a “popular” 
book on geology that was not “written down” to 


an audience. It will be informative reading, 
particularly to those concerned with the physical 
features of the earth. Unfortunately the high 
price may prove a deterrent to many. 

—Esper S. Larsen, 3rp 
U. S. Geological Survey 


REFERENCE GUIDE OUTLINE— 
Specifications for Aerial Surveys and Map- 
ping by Photogrammetric Methods for 
Highways—1956. Published by the U. S. 
Department of Commerce, Bureau of Public 
Roads, Washington, D.C. 1956. xxvi and 
96 pages. For sale by the Superintendent 
of Documents, Government Printing Office, 
Washington 25, D. C.—price 55 cents. 


The Reference Guide Outline was prepared 
by the Photogrammetry for Highways Commit- 
tee, which was under the joint sponsorship of 
the American Society of Photogrammetry and 
the American Congress on Surveying and Map- 
ping. 

The committee which prepared this publica- 
tion numbered fifteen recognized authorities on 
the subject and was under the chairmanship of 
William T. Pryor, Chief, Aerial Surveys, Bureau 
of Public Roads. 

The Reference Guide Outline was first issued 
“for use in the Bureau of Public Roads” and 
had a blue cover. Later, the Government Print- 
ing Office produced copies for general use, and 
these may be readily distinguished from the 
earlier copies by means of their yellow covers. 
Certain typographical errors were corrected be- 
fore the later printing. Also a few changes were 
made to eliminate specific reference to the 
Bureau of Public Roads or to forms used by 
that organization. 

Coming out at this time, when a great road- 
building program is to be undertaken, and repre- 
senting, as it does, the considered opinions of a 
recognized group of authorities and having the 
backing of two national organizations vitally 
concerned, the Reference Guide Outline should 
serve to promote efficiency in planning and 
carrying on the proposed expansion program for 
the highway network of the United States. 

All concerned in the program or in any similar 
undertaking, even of much lesser magnitude, 
would do well to obtain and study carefully 
these specifications. 

—Howarp S. RappLeye 
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CALIBRATION OF LINE STAND- 
ARDS OF LENGTH AND MEASURING 
TAPES AT THE NATIONAL BUREAU 
OF STANDARDS—National Bureau of 
Standards Circular 572. Lewis V. Judson. 
iii and 11 pages, illustrated. 


Calibration of Line Standards of Length and 
Measuring Tapes at the National Bureau of 
Standards was issued June 4, 1956, and super- 
sedes Circular 328, “Testing of Measuring Tapes 
at the National Bureau of Standards,” and Cir- 
cular 332, “Testing of Line Standards of 
Length.” It is for sale by the Superintendent of 
Documents, Government Printing Office, Wash- 
ington 25, D. C., for 15 cents. 

This publication describes the facilities at 
the National Bureau of Standards for the cali- 
bration of line standards of length and measur- 
ing tapes submitted for testing. There is some 
discussion of the considerations which should be 
taken into account when deciding whether or not 
to submit items for testing, and instructions are 
given as to submitting items for calibration. 

Of particular interest to surveyors will be the 
“Appendix—Use of Steel Tapes,” in which 
nomograms and formulas pertaining to varia- 
tions in the effective length of the tape under 
varying conditions of temperature, support, and 
tension are given. 

The treatment of the subject “Tension of Ac- 
curacy” should be of particular interest to any- 
one engaged, even infrequently, in accurate lay- 
out work, 

This reviewer is convinced that no practicing 
surveyor worthy of his salt should fail to obtain 
and study carefully this useful and interesting 
publication, 

—Howarn S. 


~ ROUTE SURVEYING. Carl F. Meyer. 
International Textbook Company, Scran- 


ton, Pa., 1955. 312 pages, plus tables. 
$7.50. 


This textbook is an excellent coverage of the 
basic principles, practical applications, and 
comprehensive usable tables generally encoun- 
tered in Route Surveying. 

The author has placed his material in a logi- 
cal order and in a manner that makes the book 
both usable and understandable for the be- 
ginner. 

Basic principles involved in location, as well 
as the fundamentals of simple and compound 
curves, are complete and teachable. Parabolic 
curves, spirals, and earthwork are also pre- 
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sented in Part I in a manner adequate for the 
beginner, as well as a ready reference for the 
practicing engineer. 

Part II deals with practical applications, 
Special curve problems are treated in detail, 
along with excellent applications of the usual 
knotty special situations that arise in highway 
and railway design. Many types of obstacle 
problems, as well as relocation, are illustrated. 

Sight distance, safe stopping distance, pass- 
ing requirements, and superelevation are ade- 
quately presented. Vertical alignment is well 
covered, and numerous examples of equal leg 
and unequal leg vertical curves are given. Sag 
and high point treatment is excellent. 

One chapter is devoted to the treatment of 
the problems unique to railroad surveys, with 
special treatment given to string lining. 

The development of highway plans and speci- 
fications is well covered and numerous practi- 
cal problems are given to emphasize the sub- 
ject. Aerial surveys are treated in such a man- 
ner as to indicate their value in many location 
and design problems. 

Surveys for other routes are given special 
treatment in a separate chapter dealing specifi- 
cally with transmission-line surveys and pipe 
lines. 

Aerial photography as an adjunct to route- 
surveying methods is treated in a separate chap- 
ter, which sets forth the use of mosaics, stereo- 
scopes, planimetric maps, and photogrammetric 
methods applicable to reconnaissance and de- 
tailed location studies. The advantages and 
shortcomings of the use of photogrammetry are 
brought out. 

The tables are very complete and adequate 
for nearly any situation that can be found. 

On the whole, an excellent book that the 
teaching profession should accept wholeheart- 
edly. 

—C. W. Esnpavcu 
Missouri School of Mines and Metallurgy 
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GLOBES AND SPHERICAL MAPS. 
Louis H. Powell. Science Bulletin No. 4, 
The Science Museum, St. Paul, Minnesota, 
1956. 16 pp. 


During World War II, the Science Museum, 
St. Paul, Minn., used large globes and spheri- 
cal maps for illustrating and popularizing new 
concepts in world relationships. These display 
materials proved to be very effective and many 
Science Museum exhibits are built around them. 
Through a manufacturing affiliate the Museum 
has supplied large globes and globe segments to 
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the various government agencies, schools, and insti- ticular interest to musedm directors, librarians, 
the tutions. and others whose work involves the planning 
The Museum’s director, Louis H. Powell, has and arrangement of effective and dramatic 
ms. now published a small booklet describing the — exhibits. 
ail, spherical maps and globes, and pointing out —Wa ter W. Ristow 
ual various ways in which they may be used to ad- Library of Congress 
vay vantage. This information should be of par- 
cle 
ed. 
ass- 
de- 
vell 
leg Scholarship Announced for Graduate 
Study in Librarianship 
Br The Scholarship and Student Loan Fund obtaining the professional education necessary 
wg Committee of the Special Libraries Association for work in the special library field. = 
=e has announced two $700 scholarships to be Application blanks and details of eligibility 
8 for the awards may be obtained from the Execu- 
Grames sor 1957-195 for tive Secretary, Special Libraries Association, 31 
ub- graduate study in librarianship leading to a de- Fact Tenth Street, New York 3, N.Y. Applica- 
an- gree at an accredited library school. Applicants tions must be received by March 1, 1957. The 
10n must be college graduates of high academic awards will be announced at the annual conven- 
ss achievement who need financial assistance in tion of the Association in Boston, May 1957. 
cia 
cifi- 
ripe 
ate- 
ap- 
RECENTLY PUBLISHED BOOKS 
de- 
a | ROUTE SURVEYING 2d ed. 
are } By CARL F. MEYER, Professor of Civil Engineering, Worcester Polytechnic Institute 
This thoroughly-revised standard work on route surveying and design presents 
ce up-to-date coverage of basic principles and practical applications. Outstanding 
‘th features of the new edition are: expansion of the readily usable tables; inclusion of 
we material on applications of photogrammetry to route-location; complete revision 
nil of the treatment of curve problems in accordance with the new A.A.S.H.O. Policy 
’ on Geometric Design; incorporation of the A.A.S.H.O. Policy notation in the 
— coverage of vertical curves; an expanded treatment of the mass diagram and its 
applications ; and inclusion of a simple traverse solution for the completely-spiraled 
- compound curve. 1956. 630 pages. $7.50. 
- 4, ELEMENTARY SURVEYING 3rd ed. 
oma, By RUSSELL C. BRINKER, Head, Department of Civil Engineering, Virginia Polytechnic Insti- 
tute, and WARREN C. TAYLOR, Professor Emeritus of Civil Engineering, Union College 
‘um, f Extensively revised by Professor Brinker, this struction for their use. Also covered are spe- 
neri- new edition is completely rewritten and reset. cialized topics including: photogrammetry; 
owl A clear, concise treatment integrates the boundary, public-land, and construction sur- 
d theory of tape, level, transit, plane table, and veys; and industrial applications of surveying 
play new types of equipment with practical in- methods. 1955. 560 pages. $5.50. 
lany 
eum International Textbook Company « Scranton 9, Pennsylvania 
ts to 


: 


MAP INFORMATION 


This department was inaugurated for the purpose of bringing to the attention of the members 
information pertaining to the availability of maps, surveys, etc., with particular emphasis on how 
such material can be procured. It is believed that through an interchange and dissemination of 
such information maximum benefits will accrue to the surveying and mapping profession. 

—Epiror 


Topographic Maps 


HE FOLLOWING quadrangle maps were published by the U. S. Geological Survey 

between June 1 and August 31, 1956. The list includes newly compiled maps; revised 
maps on which contours and drainage usually are unchanged but the works of man are 
brought up to date; and series-converted maps which are 15-minute maps produced from 
four 72-minute maps of the same area. The maps are new unless otherwise designated 
by numerical superscript. 

The quadrangle name (in capital letters) is followed by the name of the county (in 
upper- and lower-case letters) that contains the place or feature for which the quad- 
rangle is named. 

All maps are available with or without the green overprint that indicates woodland. 
These maps show the shape and elevation of the land surface (represented by contour 
lines, printed in brown—except those marked with the letter (P), which are planimetric) ; 
water features (in blue); works of man, including cities, towns, and scattered habitations, 
schools, churches, railroads, roads and boundaries, place and feature names (in black) ; 
and woodland areas (in green). Principal roads are shown by a red overprint. In areas 
that have been covered by Bureau of Land Management Surveys, township and section 
lines are shown. The State rectangular coordinate systems are indicated in the margins 
of the maps. An information folder further describing topographic maps is available on 
request. 

Standard quadrangle maps may be obtained for 20 cents per copy. A discount of 20 
percent is allowed on orders amounting to $10 or more at the retail price. Orders should 
be addressed to the U. S. Geological Survey, Washington 25, D. C., (or Denver 15, Colo., 
for maps of areas west of the Mississippi River). 


* Indicates 15-minute quadrangle; all others are 7'/2-minute quadrangles. 
* Indicates a revised map. 

* Indicates a series-converted map. 

+ Indicates availability in either a contour or shaded relief edition. 

t Indicates preliminary black and white edition. 


Alaska KANTISHNA RIVER (C-1)*— MT. KATMAI (B- ae 
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DILLINGHAM iA 1)*—Third KARLUK (C-4 and C-5)*—Third MT. KATMAI (B- "3)*—Thira 


Judicial Divisio Division Division 
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JUNEAU (C-4)*—First 
Judicial Division 

UNEAU (C-5)*—First 
Judicial Division 

KANTISHNA RIVER (B-4) *— 
Fourth Judicial Division 


Judicial Division 
LIVENGOOD (A-6)*—Fourth 
Judicial Division 
MT. KATMAT (A- 
{AI (A-4) *—Third 
Division 
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Judicial Divisio 

MT. KATMAI (D- "5) *—Third 
Judicial Division 

MT. KATMAI (D-6) *—Third 
Judicial Division 
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NAKNEK (A-2)*—Third 
Judicial Division 

NAKNEK (A-3)*—Third 
Judicial Division 

NAKNEK (A-4)*—Third 
Judicial Division 

NAKNEK (A-5)*—Third 
Judicial Division 

NAKNEK (B-1)*—Third 
Judicial Division 

NAKNEK (D-1)*—Third 
Judicial Division 

NUSHAGAK BAY (D-5)*—Third 
Judicial Division 

SITKA (B-3)*—First 
Judicial Division 

SITKA (C-7)*—First 
Judicial Division 

OMON (C-6) *—Second 


on 
SOLOMON (D-2)*—Second 
Judicial Division 
SOLOMON (D-3) *—Second 
Judicial Division 
SOLOMON (D-4)* 
Judicial Division 
SOLOMON (D-5)*—Second 
Judicial Division 
SOLOMON (D-6)*—Second 
Judicial Division 
TANANA (A-1)*—Fourth 
Judicial Division 
TANANA (A-2)*—Fourth 
Judicial Division 


TANANA (A-3)*—Fourth 
Division 
ANANA (A-4)*—Fourth 


Judicia! Division 
UGASHIK (B-2)*—Third 
Judicial Division 
UGASHIK (B- 3)*-—Third 
Judicial Division 
UGASHIK (C-2)*—Third 
Judicial Division 
UGASHIK (C-3)*—Third 
Judicial Division 
UGASHIK (C-4)*—Third 
Judicial Division 
UGASHIK (C-6)*—Third 
Judicial Division 
UGASHIK (D- 3)* —Third 
Judicial Division 
UGASHIK (D-4)*—Third 
Judicial Division 


Arizona 
EMMETT W 
GROW LER— Yu 
tTHEATON KNOL LS NW— 
Mohave 
MOON MTN.—Yuma 
NANKOW EAP*—Coconinse 
PARIA PLATEAU *—Cuoconino 
TANNER WASH*—Coconino 


Arizona-California 
POSTON—Yuma 

Arkansas 
STRAWBERRY—Lawrence 


Arkansas-Missouri 
PIGGOTT*'—Clay 
Arkansas-Tennessee 
EVADALE*'— Mississippi 
California 
BROADVIEW FARMS resno 
BROADWELL LAKE*—San 
Bernardino 
CADY MOUNTAINS*—San 
Bernardino 
CHANEY RANCH—Fresno 
DEADMAN LAKE** 
Bernardino 
LROY—Santa Clara 
ERNEVILLE—Sonoma 
MTOW N—Sonoma 
AUREL—Santa Cruz 
DLOW *2—San Bernardino 


GI 
GU 
41) 
LA 
LU 


MACDOEL*—Siskiyou 

NEWBERRY*—San Bernardino 

OPAL MOUNTAIN*—San 
Bernardino 

ORD MOUNTAIN*—San 
Bernardino 

PRUNEDALE—Monterey 


California-Nevada 
KINGS BEACH—Placer 
MEEKS BAY—-El Dorado 

Colorado 
BISHOP RANCH—Bent 
GATEVIE 
GRANADA NE—Prowers 
GRANADA NW—Prowers 
LUBERS—Bent 
MAY VALLEY—Prowers 
McCLAVE—Butte 
MEREDITH HILL—Otero 
MOUNT TYNDALL—Custer 
ROSITA—Custer 
STRASBURG NW—Arapahoe 
TREE TOP RANCH—Bent 
WATKINS SE—Arapahoe 

Connecticut 
BRANFORD—Sussex 
Kent'—Litchfield 
Meriden'—New Haven 
NEW PRESTON!— Litchfield 
ROXBURY! — Litchfield 

Delaware 
HARBESON 
FRANKFORD*"—Sussex 
MIDDLETOWN—New Castle 
REHOBOTH BEACH—Sussex 

Florida 
ALTURAS— Polk 
BOWL 
ELOISE- 
KEYSVIL —Hillsborough 
NICHOLS— Polk 
SHADY GROVE—Taylor 
d Gadsden 
WACISSA Jefferson 
WITHLACOOCHEE BAY—Levy 
WAUKEENAH—Jefferson 

Florida-Georgia 
COUNCIL—Clinch 
FAIRCHILD—Seminole 
FARGO SW—Columbia 

Georgia 

AUSTELL—Cobb 
BEN HIL = -Fulton 
BROAD— Wilkes 
JONESBORO. -Clayton 
LOST MOUNTAIN—Cobb 

Hawaii 
EW A—Honolulu 
KANEOHE—Honolulu 
PUULOA—Honolulu 


Illinois 
BEMENT*—Piatt 
BERW YN*—Cook 

INGLEWOOD"—Cook 


Indiana 
HALL— Morgan 


Kansas 
ASSARI: line 
CARBON DALE—Osage 
GYPSUM—Saline 
KIPP—Saline 
LINTON—Douglas 
OVERBROOK—-Osage 
AND—Shawnee 
SALINA—Saline 
TRENTON—Saline 


Kentucky 
BROOKS'— Bullitt 
UNION™—Boone 
VALLEY STATION—Jefferson 
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Kentucky-Ohio 
BURLINGTON—Boone 

Louisiana 
ABBEVILLE*—Vermilion 
BOSSIER CITY—Bossier 
BOSSIER CITY*—Bossier 
CALVIN*—Winn 
CAMERON*—Cameron 
CONSTANCE BAYOU*—Cameron 
FORKED ISLAND*—Vermilion 
GRAND LAKE EAST*—Cameron 
GREENWOOD*—Caddo 
HOG BAYOU*—Cameron 
MOORINGSPORT*—Caddo 
MOSS BLUFF—Calcasieu 
NORTH SHREVEPORT—Caddo 
OLLA*—LaSalle 
OPELOUSAS*—St. Landry 


Maryland 
NORTHBEACH—Calvert 
PRINCE FREDERICK—Calvert 

Maryland-Pennsylvania 
CLEAR SPRING'*—Washington 

Massachusetts 
FITCHBU RG'"— Worcester 
GOSHEN'—Hampshire 
LUDLOW'— Hampden 
PLAINFIELD"—Hampshire 

Michigan 
KINROSS—Chippewa 

Minnesota 
LEWISTON*—Winona 

Mississippi 
BLUE MOUNTAIN*—Tippah 
RIPLEY *—Tippah 
SAVANNAH*—Pearl River 

Missouri 
BLAIRSTOW N—Henry 
BURTVILLE—Johnson 
LEETON 

Nebraska 
WOLBACH—Greeley 
WOLBACH NE—Howard 


New Jersey 
CHESTER Morris 
DOVER'—Morris 
FRANKLIN—Sussex 
GLADSTONE" Somerset 
HIGHTSTOW N'— Mercer 
MENDHAM'— Morris 
PITTSTOW N'—Hunterdon 
PRINCETON™— Mercer 


New Mevico 
RED LAKE—Eddy 
RED LAKE SE—Eddy 
SEVEN RIVERS—Eddy 


New York 
ALBION *2—Orleans 
BROCTON— —Chautauqua 
FORESTVILLE—Chautauqua 
GERRY—Chautauqua 
GREENLAWN" Suffolk 
KENDALL*2— Orleans 
NORTH OF DUNKIRK— 

hautauqua 
OLCOTT *2— Niagara 
PARADOX LAKE* *—-Essex 
PERRYSLUR‘;— ‘attaraugus 
RIDGEWAY *2— Orleans 
SCHROON LAKE—Essex 

ILLY'—Onondeaga 
VAN ETTEN—Chemung 
VOORHEESVILLE—Albany 


New York-Connecticut 
MT. KISCO—Westchester 


NewYork-New Jersey 
GREENWOOD LAKE—Orange 


= 
of 
rOR 
SOI MON ° nd 
vey 
sed 
are 
om 
ted 
(in 
nd. 
our 
ic) ; 
ons, 
k); 
reas 
tion 
gins 
e on 
f 20 
ould 
| 
d 
d 
rd 
rd 


504 


New York-Pennsylvania 
WAVERLY—Tioga 

New York-Vermont 
NORTH POWNAL—Bennington 

North Carolina 
COLUMBIA EAST—Tyrrell 
COLUMBIA WEST—Tyrrell 
EAST LAKE—Dare 
EAST LAKE SE—Dare 
ENGELHARD NE—Dare 
FORT LANDING—Tyrrell 
MANNS HARBOR—Dare 
MANTEO—Dare 
SCOTIA—Tyrrell 
STUMPY POINT—Dare 


Ohio 


CANAL WINCHESTER—Franklin 


CLIFTON—Greene 

DONNELSVILLE—C lark 

GAL TY aware 

HILLIARD—F 

LEB ANON—W arr 

NEW BURL INGTON—Clinton 

NORTHE AST COLUMBUS— 
Franklin 

NOWTHW COLUMBUS— 
Frank 

PORT w LIAM—Clinton 

SUNBURY—Delaware 

TIPP CITY—Miami 

TROTWOOD—Montgomery 

WEST MILTON—Miami 

XENIA—Greene 

YELLOW SPRINGS—Greene 


Oklahoma 
BROKEN ARROW—Tulsa 


Oregon 
BUTTE FALLS*—Jackson 
CHETCO PEAK*—Curry 
COLLIER BUTTE*—Curry 
ESTACADA—Clackamas 
HILLSBORO—Washington 
MT. EMILY*—Curry 
PORT OXFORD*—Curry 
POWERS—Coos 
SCHOLLS—Washington 
SUTHERLIN*—Douglas 
Oregon-California 
ASHLAND*—Jackson 
CAVE JUNCTION*—Josephine 
OREGON CAVES*—Josephine 
RUCH*—Jackson 
TALENT*—Jackson 
Oregon-Washington 
DEER ISLAND—Columbia 


Pennsylvania 
AIRVILLE—York 
BETHEL—Berks 
CLARENDON—Warren 
HANOVER— York 
KEENEYVILLE—Tioga 
MIL TON1—Northumberland 
MINERSVILLE"—Schuylkill 
MOUNT CARMEL'—North- 

umberland 
SEVEN VALLE YS—Yo 
SWATARA HILL! 
WAKEFIELD—Lane “aster 

Pennsylvania-Delaware 
KENNETT SQUARE—Chester 

Pennsylvania-Delaware-New 

Jersey 
MARCUS HOOK'—Delaware 


Pennsylvania-New York 
RUSSELL—Warren 

Puerto Rico 
GURABO™—Gurabo 


Rhode Island 
GEORGIAVILLE'"—Providence 


South Dakota 
DALZELL—Meade 
DALZELL NE—Meade 
DALZELL NW—Meade 
DALZELL SE—Pennington 
SCENIC SW—Pennington 
WASTA—Pennington 
WASTA NE—Pennington 
WASTA NW—Meade 
Tennessee 
BAXTER—Putnam 
FOREST GROVE—Davidson 
Tennessee-Kentucky-Virginia 
MIDDLESBORO SOUTH—Bell 
Teras 
AUSTIN*—Travis 


BRADY MOUNTAIN—San Saba 
MONTOPOLIS*—Travis 
I 


PORT INGLESIDE 
SINTON* 


SMOOTHING IRON MTN.—Llano 


VALLEY SPRING—Llano 
Utah 
ISLAND NORTH— 
Javis 
BEAR RIVER C Ve Elder 
IBEAV ER MTS. NE— 
Washing 
TBEAV "ER ‘DAM MTS. SE— 
Washingto: 
CAMELS BACK RIDGE NwW— 
ooele 
TCARLISLE 1 NE—San Juan 


TCARLISLE 1 NW—San Juan 
TCARLISLE 1 SE—San Juan 
TCARLISLE 1 SW—San Juan 
TCARLISLE 3 NE—San Juan 
ICARLISLE 3 SW—San Juan 
CARLISLE 4 NE—San Juan 


TCARLISLE 4 NW—San Juan 
TCARLISLE 4 SE—San Juan 
tCARLISLE 4 Juan 
CLEARFIELD—Dav 


NW—Toe 
DU fa AY P ROVING GROUNDS 
‘ooele 
FLAT CANYON—Carbon 
FREMONT ISLAND*—Weber 
GRANITE PEAK SE—Tooele 


MT. WAAS 2 SE — 


Ve 
tORDERVILLE CANYON NnNw— 


Washington 
tTORDERVILLE CANYON SE— 
Kane 
PLAIN CITY—Weber 
WILDCAT MTN.—Tooele 
WILLARD SPUR—Box Elder 


Virgin Islands 

CENTRAL ST. THOMAS— 
St. Thomas 

EASTERN ST. THOMAS— 
St. Thomas 

WESTERN ST. THOMAS— 
St. Thomas 
Virginia 

CLAY BANK—Gloucester 


NORTH BAY—Princess Anne 
PLEASANT RIDGE—Princess 


Anne 
SUFFOLF—Nansemond 


Virginia-Kentucky 
APPALACHIA—Wise 


San Patricio 


LA VERKIN 1 SW—Washington 
LA VERKIN 2 SE—Washington 
LA VERKIN 2 SW—Washington 
“ILA VERKIN 3 NE—Washington 
LA VERKIN . NW—Washington 
SRKIN SE—Washington 

TLA VERKIN SW—Washington 
LA VERKIN 4 NW—Washington 
LA VERKIN 4 SE—Washington 
LA VERKIN 4 SW—Washington 
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FLAT GAP—Wise 
KEOKEE—Lee 
PENNINGTON GAP—Lee 
Virginia-Maryland 
KING GEORGE—King George 
Virginia-North Carolina 
CREE rincess Anne 
KNOTTS ISLAND—Currituck 
LAKE DRUMMOND"—Norfolk 
LAKE DRUMMOND SE—Norfolk 
Washington 
DEER ISLAND—Columbia 
DES MOINES—King 
DUWAMISH HEAD—King 
KIRKLAND—King 
MERCER ISLAND —King 
RENTON—King 


SEATLE NORTH—King 
SEATTLE SOUTH—King 
SPRAGUE*—Lincoln 
VASHON—King 
Wisconsin 
GRESHAM* (P)—Shawano 
MANITOWOC— Manitowoc 
MANITOWOC*—Manitowoce 
REEDSVILLE*—Manitowoe 
SHAWANO* (P)—Shawano 
WITTENBERG* (P)—Shawano 
Wyoming 


BIG JUDSON—Albany 
BOSLER—Albany 


In addition to the standard 
series of quadrangle maps, 
small-scale (1:250,000) maps 
of areas in the United States 
and Territories are being pub- 
lished and distributed. Some of 
these maps are published in a 
shaded-relief edition, as indi- 
cated in the list below. They 
may be purchased from the 
Geological Survey for 50 cents 
per copy. An index to the ser- 
ies is available on request. 


Alaska 


KAGUYAK?# 
TELLER 
TRINITY ISLANDS 


Indiana-Michigan-Ohio 
FT. WAYNE? 

Indiana-Idaho 
MUNCIE 

North Dakota 
JAMESTOWN? 


Texas-Arkansas-Oklahoma- 
Louisiana 
TEXARKANA 


Teras-Louisiana 
TYLER+ 


Special _—metropolitan-area 
and vicinity maps of major 
United States cities are being 
published and distributed by 
the Geological Survey. These 
maps are prepared from stand- 
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i4-mi i north and a south half, and is 

ard 72-minute maps at the published between June 1 and 
scale of 1:24,000. Vicinity August 31, 1956 are: 72 inches per section.) $3.00 

per complete se 

maps may be purchased from crnveLaND AND VICINITY TOLEDO AND VICINITY (45 by 

the Geological Survey for the (50 by 72 inches) $1.5 45 inches) $1.50. £ 
prices indicated below. Those DETROIT AND VIC INITY (This SAN DIEGO AND VICINITY (49 


map comes in two sections, a by 70 inches $1.50. 


olk Lake Survey Charts 


UBLICATION of new editions of the following Lake Survey Charts has been an- 

nounced by the United States Lake Survey of the Corps of Engineers, U. S. Army. 
Copies of these charts may be obtained from the U. S. Lake Survey, 630 Federal Build- 
ing, Detroit 26, Mich., at 75 cents per copy. Payment is required in advance by P. O. 
money order or draft, payable to the Treasurer of the United States. 


—Coast Chart. Six miles south of Stony Point, 


foot of Lake Huron, at 1:40,000 scale. Inset: 
Y., to 8 miles west of Little Sodus Bay, } 


? os Head of St. Clair River, at 1: 15,000 scale. (June 
at 1: 80,000 scale. Inset: Little Sodus Bay, N. Y., 1956.) 
at 1: 15,000 seale. (June 1956.) 113.—-St. Lawrence River, Morristown, N. Y., to 
25.—Coast Chart. Thirty Mile Point, N. Y., to Port Union Park, Ont., at 1:15,000 scale. (June 
Dalhousie, Ont., including lower Welland oe. 1956.) 
: atl: 80,000 seale. Insets : Olcott, N. Y., at 1: 10,- 114.—-St. Lawrence River, Union Park Ont., to Iron- 
7 000 scale; Wilson, N. Y., at 1:10,000  seale. sides Isl., N. Y., at 1:15,000 seale. (June 1956.) 
no b (June 1956. ) 115.—St. Law rence River, Lronsides Isl., to Bingham 
31.—Coast Chart. East end of Lake Erie, Morgans Isl, Ont., at 1: 15,000 scale. (June 1956.) 
Point, Ont., to Sturgeon Point, N. Y., including 117.—-St. Lawrence River, Round Isl, N. Y., and 
Niagara River and Welland Canal, at 1: 80,000 Gananoque, Ont., to Wolfe Isl, Ont., at 1: 15,000 
{ scale. (June 1956.) seale. (May 1956.) 
33.—Coast Chart. Thirteen miles east of Erie, Pa., 234.—-Sodus Bay, N. Y., at 1: 10,000 scale. (May 
to 7 miles west of Conneaut, Ohio, at 1: 80,000 1956.) 
lard 4 scale. Inset: Conneaut, Ohio, at 1:10,000 scale. 238.—Rochester Harbor, N. Y., including Genesee 
| 1956.) River to head of navigation, at 1: 10,000 scale. 
aps, —St. Clair River, including St. Clair Flats and (June 1956.) 
aps 
a Public Land Survey Plats 
pu 
e of HE FOLLOWING plats of public land surveys and resurveys were completed and 
in a accepted by the Bureau of Land Management between June 1 and August 31, 1956. 
indi- The class or purpose of the survey is indicated. Copies of plats may be secured from the 
They 


> Bureau Offices in the States or from the Director, Bureau of Land Management, Depart- 
the} ment of the Interior, Washington 25, D. C. 


cents 
» ser- } Arizona—Gila and Salt River Meridian Michigan—Michigan Principal Meridian 
’ 7.16 N., R. 2 E.—Extension survey T. 19 N., R. 6 E.—Resurvey 
T. 20 N., R. 15 W.—Mineral segregation survey T. 56 N., R. 26 W.—TIsland survey 
‘ali di T. 57 R. 26 W.—Island survey 
California—San Bernardino Meridian T. 110 N., R. 26 W.—Island survey 
T. 18 N., E. 5 E. ——Dependent resurvey and survey T. 58 N., R. 24 W.—Island survey 
6 E. Nevada—Mt. Diablo Meridi 
29 8 E.——Dependent resurvey of township iablo Meridian 
Colorado—Siath Principal Meridian ependent and independent re 
; T. 2 S., R. 83 W.—Dependent resurvey and survey T. 15 N., R. 60 E. re- 
survey 
Colorado—New Mexico Principal Meridian T. 14 N., R. 61 E.—Dependent and independent re- 
T. 47 N., R. 2 E.—Dependent resurvey r vs and ae 
Florida—Tallahassee Meridian E.—Dependent and independent re- 
Ts. 43 and 44 8., Rs. 20 and 21 E.—Island survey New Mexico—New Mezico Principal Meridian 
Idaho—Boise Meridian T. 14.N., R. 1 E.—Survey 
S., R. 19 E.—Dependent resurvey T. 14 N., R. 2 E.—Survey 
T.1258., R. 20 E.—Dependent resurvey T. 22 13 Ww .—Dependent resurvey 
' 7.12 S., R. 21 E.—Dependent resurvey T. 23 N.. R. 13 W.—Dependent resurvey 
| T. 11 S., R. 34 E.—Survey of section ii 
7.15 R. 24 E.—Dependent resurvey Oregon—Willamette Meridian 
a-area 7.16 S., R. 24 E.—Dependent resurvey T. 29 S., R. 7 W.—Dependent resurvey and subdivi- 
major ' T. 6S8., R. 13 E.—Dependent resurvey sion of sec tion 
T.1358., R. 26 {.—Dependent resurvey 31S - 5 W.—Dependent resurvey 
being T. 14 S., R. 26 E.—Dependent resurvey T. 32 8., R. 5 W.—Dependent resurvey 
T. 15 S., R. 26 E.—Dependent resurvey 3 
d by 13 8. 27 E—Dependent resurvey Utah—Salt Lake Meridian 
These T. 14 S., R. 27 E.—Dependent resurvey T. 14 S., R. 10 E.—Dependent resurvey and subdivi- 
d T. 13 S., R. 28 E.—Dependent resurvey sion of section 
stand- T. 14 S., R. 28 E.—Dependent resurvey T. 26 S., R. 22 E.—Resurvey and subdivision of sec- 
T. 11 S., R. 34 E. tions 
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. 29 S., R. 8 E.—Dependent resurvey and comple- 
“tion 
10 E.—Skeleton survey 


11 E.—Skeleton survey 
21 8., 12 E.—Skeleton survey 
22 12 Skeleton survey 
23 12 E.—-Skeleton survey 
30 13 E.—Surve 


14 E.—C survey 
14 E.—Survey 
84 E.—Survey 
9 E.—Survey 
9 E. 
9 E.—Survey 
8 E.-——Survey 
8 E.—Survey 
9 E.—Survey 


LS 


26 6 E.—Dependent resurvey and survey 
27 6 

28 8., E.—Resurvey and survey 
26 

2 " 7 E.—Survey 

28 8., 7 E.—Resurvey and survey 
29 7 E.—Survey 

27 8 E.—Survey 

34 10 E.—Survey 

35 S., 10 E.—Survey 

34 S., 11 E.—Survey 

35 S., 11 E. 

24 S., R. 10 E.—Skeleton survey 

25 S., R. 10 E. 
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24 S., R. 11 E.—Skeleton survey 

25 8., R. 11 survey 

24 8., RB. 12 

33 S., R. 8 B.- survey 
survey 


35 8 8 E.—Skeleton survey 
33 S., 9 E.—Skeleton survey 
34 S., 9 E. survey 
35 S., 9 E. survey 
13 E.—Skeleton survey 


14 

5 14 
33 8., 15 E. survey 
34 S., 15 E. survey 
35 8 15 E. survey 
33 8 16 E. survey 
34 S., 16 E. survey 
35 S., 16 E survey 


Washington—Willamette Meridian 


34 N., R. 2 W.—Dependent resurvey and subdivi- 
sion of sections 


Wyoming—Sizth Principal Meridian 


T. 41 N., R. 76 W.—Dependent resurvey 
T. 42 N., R. 76 W.—Dependent resurvey 
T. 41 N., R. 77 W.—Dependent resurvey 
T. 42 N., R. 77 W.—Dependent resurvey 
T. 43 N., R. 78 W.—Dependent resurvey 


Foreign Topographic Mapping Agencies 
and their 
Sales and Information Offices 


ALID NAMES and addresses of the governmental topographic mapping agencies 
and sales counters of the following nations may be found listed in SurveEyYING AND 


Mappinc, Vol. XVI, No. 2, pp. 212-216: 


Argentina, Australia, Belgium, Ceylon, Costa Rica, Denmark, Dominican Republic, 
Ecuador, Egypt, El Salvador, Finland, France, Great Britain, Greece, Guatemala, Hon- 
duras, Iceland, Ireland, Israel, Italy, Japan, Luxembourg, Netherlands, New Zealand, 
Norway, Panama, Philippines, Poland, Sweden, Switzerland, Syria, Turkey, Union of 
South Africa, Venezuela, West Germany, Yugoslavia. 

Typographical errors in the list published in SurveyING AND Mappine, Vol. XVI, No. 2, 


now stand corrected to read as follows: 


MAP SALES AND INFORMATION COUNTERS 


AUSTRIA 

Bundesamt fuer Eich- und 
Vermessungswesen (Landesaufnahme ) 

Krotenthallergasse 3 
WIEN VIII 

CANADA 
Map Distribution Office 
Department of Mines and Technical Surveys 
OTTAWA, Ontario 


COLOMBIA, S.A. 
Instituto Geografico de Colombia 
“Augustin Codazzi” 


BOGOTA 


GOVERNMENT TOPOGRAPHIC MAP AGENCIES 


Same 


Surveys and Mapping Branch 
Department of Mines and Technical Surveys 
OTTAWA, Ontario 


Army Service Establishment 
Department of National Defense 
oTTAWa, Ontario 


Same 
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HAITI 


Service de Géodésie & de Cartographic 


Boulevard Harry Truman 
Cité de Exposition 
PORT-AU-PRINCE 
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Same 


Current additions to the list are as follows: 


BRAZIL 
Instituto Brasileiro de Geografia e 
Estatistica 
Conselho Nacional de Geografia 
Avenida Beira Mar, 436 
RIO DE JANEIRO, D.F. 


BURMA 
Director of Survey 
Burma Survey Department 
460 Merchant Street 
RANGOON 


CAMBODIA 
Service Géographique National du 
Cambodge 
PHNOM-PENH 


INDIA 
The Head Clerk, Map Sales Section 
Survey of India 
Block No. 9, Room 348 
Old Supply Dept. Building 
Shahjahan Road 
NEW DELHI-2 


also regionally: 
Director, Map Publication 
Survey of India 


Hathibarkala 
DEHRA DUN (U.P.) 


Director, Eastern Circle 
Survey of India 

13, Wood Street 
CALCUTTA-16 


Director, Southern Circle 
Survey of India 
BANGALORE 


LIBERIA 
Bureau of Mines and Geology 


Treasury Department of the Republic 


of Liberia 
MONROVIA 


LIECHTENSTEIN 


Liechtensteinischer Schulbiicherverlag 


VADUZ 


MEXICO 
Oficina de Geografia 


Direccién de Geografia y Meteorologia 


Avenida Observatorio #192 


TACUBAYA, D.F. 


Same 


Same 


Same 


Survey of India 
Hathibarkala 
DEHRA DUN (U.P.) 


Same 


Same 


Same 


Same 


None (A complete mapping program was exe- 
cuted by the Abteilung fiir Landestopographie of 
Switzerland, so commissioned by the Liechtenstein 
Government.) 


Same 


|| 
| 
a2 
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PORTUGAL 
Livraria Augusto SA da Costa 
Rua Garret, 100 
LISBOA 


For itinerary and military maps 


Servigos Cartograficos do Exército 
Avenida Duque de Loulé, 106 
LISBOA 
THAILAND 
Quariermaster of the Central Division 


The Survey Department 
BANGKOK 


SURVEYING AND MAPPING 


Instituto Geografico e Cadastral 
Praca de Estrela 
LISBOA 


Same 


Same 


—WILLIAM HANNAH 


George William Watts 


The mapping and surveying profession suf- 
fered an irreparable loss in the recent death in 
London, England, of one of its long-time mem- 
bers, George William Watts. Mr. Watts was 
the son of Edwin R. Watts who founded E. R. 
Watts & Son Ltd. ninety-nine years ago. He was 
eighty-three at the time of his death and had 


been with the company for nearly seventy years. 
Mr. Watts is well known for the design and 
construction of a precision circular dividing en- 
gine. This engine, which was completed in 
1905, is still working and will for many years to 
come serve as a useful memorial to George 
Watts’ skill, craftsmanship, and patience. 


A New Research Award 


A new award in engineering education, to 
recognize the research potential and accom- 
plishment of young workers engaged in engi- 
neering research in colleges or universities, will 
be given for the first time in June 1957. 

The Engineering College Research Council 
of the American Society for Engineering Edu- 
cation has announced plans for the Curtis W. 
McGraw Research Award, established in mem- 
ory of the late Curtis W. McGraw, president of 
the McGraw-Hill Publishing Company from 
February 1950 to September 1953, and brother 
of the present president, Donald C. McGraw. 
The award, sponsored by the McGraw-Hill 
Book Company, will include a cash prize of 
$1,000 and will be given annually beginning 
next June. 

Candidates are to be young men “who have 
made original contributions in engineering re- 
search and who have demonstrated high poten- 
tial for future leadership.” 

In announcing the new award, Raymond J. 
Woodrow of Princeton University, Chairman of 
the Engineering College Research Council, 
pointed out that it is the second major award 
in engineering college research administered by 
the American Society for Engineering Educa- 
tion through the Council. The Vincent Ben- 


dix Research Award, for contributions to the 
development of research activities and their 
management, was first made last June to Dr. 
Clifford C, Furnas, Chancellor of the Univer- 
sity of Buffalo and Assistant Secretary of De- 
fense for Research and Development. 

“The development of these two awards,” said 
Dr. Woodrow, “serves to emphasize the grow- 
ing importance of basic research as a part of 
engineering education. Both teachers and their 
students benefit from their participation in 
active research undertakings on their campuses. 
Indeed, this kind of research is our best as- 
surance that today’s engineering students will 
graduate well equipped to meet tomorrow’s 
needs.” 

The recipient of the McGraw Research 
Award will be selected each year by a special 
committee of the Engineering College Research 
Council; Dean James R. Cudworth of the Uni- 
versity of Alabama is chairman of this year’s 
selection committee. 

The first presentation of the McGraw Re- 
search Award will be at the 1957 annual meet- 
ing of the American Society for Engineering 
Education, at Cornell University from June 17 
to 21. Nominations for 1957 should reach 
Dean Cudworth by February 1, 1957. 
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Comment and Discussion 


The pages of SurveyING AND MappING are open to a free and temperate discussion of all 
matters pertaining to the interests of the Concress. It is the purpose of this Department to en- 
courage comments on published material or the presentation of new ideas in an informal way. 


—Eprror 


SQUARE ROOT 


J. Boyte*—Mr. Serge A. Emery (Survey- 
ING AND Mappinc, October-December 1955, 
page 490) would be interested in Barlow’s 
Tables of Squares, Cubes, Square Roots, Cube 
Roots, and Reciprocals of all integer numbers 
up to 12,500, edited by L. J. Comrie, M.A., 
Ph.D. London: E. and F.N. Spon Ltd., 57 
Haymarket S.W.1. 

The square roots of numbers from 1,000 to 
9,999 are given to 6 decimal places (8 signifi- 
cant figures) others to 9 significant figures; with 
differences. 

Another book which can be very useful to 


surveyors, especially when away from a ma- 
chine, but which seems to be little known, is 
McAulay’s 5-figure Logarithmic and Other 
Tables; size 35 x 5Y2 inches. The complete set 
of proportional parts saves enormous labour 
when interpolating to seconds. London: Mac- 
millan & Co. Ltd., St. Martin’s Street. 

Among other uses, these two together are 
very helpful for quick calculation of radiations 
in setting out. 


* Chief Surveyor, Department of the Interior, 
Canberra, A.C.T. 


PROPOSED SURVEYING AND MAPPING BILL FOR KANSAS 


W. C. Wyartt*.—I note publication of your 
letter in the July-September issue of Survey- 
ING AND MappInc. 

The legislative committee of the Kansas 
State Board of Engineering Examiners has con- 
sidered a proposed Surveying and Mapping Bill 
and, according to Warden Noe, attorney, it is 
ready to be presented to a proper committee of 
the legislature when it convenes next January. 

All the information I have is that the Kansas 
Engineering Society is in accordance with the 
proposal. 

A good, sound, and workable Surveying and 


Mapping Law is definitely needed in the State 
—one which will protect the welfare of the in- 
dividual owner-operator as well as the large 
firms. 

If this proposed law does this as presented, I 
think all proper effort should be made to push 


_ the Bill. 


I am therefore informing you of the status 


of this Bill. 


* Letter to Chairman, Public Relations Com- 
mittee, ACSM, from the Secretary-Treasurer, 
Kansas Council of Engineers and Architects, Uni- 
versity of Kansas, Lawrence, Kans. 


SQUARE-ROOT-ACRE SCALE 


B. R. Grrcurist*.—I refer to the article on 
page 398 of the July-September issue of Sur- 
VEYING AND Mappinc. The article titled “A 
V Acre Scale” was submitted by R. L. Williams 
of the Cartographic Laboratory, Yale Univer- 
sity. 

Instead of bringing another bastard (unit) in- 
to the world, it is suggested that use be made of 
an accepted unit of length, called a “chain,” 
which is equivalent to 66 feet, 4 rods, 100 links 
—or 20.11684 meters. 
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The utility of the chain as a unit of length 
results from the fact that 10 square chains are 
equal to one acre. Thus, an area measured in 
square chains may be converted to area in 
acres, simply, by moving a decimal point one 
place to the left. Using, for an example, a 
section of one square mile—80 chains on all 
sides—the computation is as follows: 80.0 x 
80.0 = 6400.00 square chains or 640.000 acres. 

* Ohio River Division, Corps of Engineers, U. 
S. Army, Box 1159, Cincinnati 1, Ohio. 
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SURVEYING 


Davw H. Davis*.—The part of the forum 
“What Teachers of Surveying are Doing Right 
—and Wrong” on which I wish to comment 
was included in the paper by Mr. Clarke and 
dealt with the subjects leading to a B.S. degree 
in Land Surveying in New Zealand and Aus- 
tralia. Such a course is much needed in this 
country. I, personally, would be interested, if 
there were an extension program. 

Listed with the courses were Physics, Survey 
Law, Geology, and three others which I think of 
as being very closely related; Land Utilization, 
Land Valuation, and Town Planning. 

If my own (full time, private) practice is 
any indication and had I been able to take such 
a course, I would now feel that the time spent 
on Physics should have been cut to one half or 


SURVEYING AND MAPPING 


EDUCATION 


one third, with a sharp increase in the time de- 
voted to some of the others. 

For example, I would have liked at least 
double the time allotted to Survey Law and 
liberal additions to the time spent on Utiliza- 
tion, Valuation, and Planning. Additional time 
in Geology would not have been wasted. 

In addition, I feel that a course covering 
Bookkeeping, Business English, and allied ma- 
terial would have been of great value, since 
there are many surveyors who are, as I am, 
pretty much a one-man show. These things 
are then of much value and should be dealt 
with. 


* Surveyor, 216 Trumbull Parkway, Batavia, 
N. Y. 


Mrs. Charles R. Herr 


Section of ACSM. Mrs. Herr’s death occurred 
while she and her husband were on their long- 
planned tour of Europe. 


The ACSM sincerely regrets to report the 
passing of Mrs. Charles R. Herr, wife of C. R. 
Herr, Past-Chairman of the Southern California 
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Chrome-Clad 


UF KIN "De 
Engineers STEEL TAPE 


An extra strong, '/,'" wide Chrome-Clad line built up by a series of 
} electroplatings — most rust and corrosion resistant — will not chip, peel 


or crack — easy to clean! Jet black markings bonded right to the line 
—can't wear off—easy to read against the chrome-white surface! 
Preceding foot number is repeated each inch or tenth. 

These features add up to the Lufkin ‘‘Peerless'’—a durable steel tape 


made for engineers. Available in 50, 100, 150 and 200 ft. lengths. Two 


> finger rings furnished for use without the frame. 
EASY TO . 
MARKINGS x BUY JUFKIN TAPES @ RULES @ PRECISION TOOLS 
THAT ARE DURABLE AS 282 From Your Supply Store 
THE LUFKIN RULE CO., SAGINAW, MICHIGAN 


132-138 Lafayette St., New York City « Barrie, Ontario 
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News of Related Organizations 


Wisconsin Society of Land Surveyors 


The annual, all-day, summer meeting of the 
Wisconsin Society of Land Surveyors was held 
on Sunday, August 5, at Menominee Park in 
Oshkosh. President James Lange of Beaver 
Dam called the meeting together with 22 mem- 
bers present. 

The morning session was taken up with vari- 
ous committee reports. Robert Poss, Chair- 
man of the Legislative Committee, outlined 
the status of proposed legislation in the county- 
surveyor field and led a discussion of the re- 
cently revised plotting law. 

Prof. Leonard Hillis of the Program Com- 
mittee distributed tentative programs for the 
Eighth Surveyor’s Institute to be held at the 
University of Wisconsin. 

Franklin P. Gould, Chairman of the Fees, 
Salaries, Ethics, and Practices Committee, re- 
ported that progress had been made in as- 
sembling data prerequisite to preparing a code 
of ethics and a schedule of minimum fees. 

Harold T. Arpin of the Apprentice Division 
of the State Industrial Commission reviewed 
for the members that section of the recently en- 


acted surveyor registration act which deals with 
registration after serving an approved appren- 
ticeship. He pointed out that no program for 
apprenticeship had yet been established. Presi- 
dent Lange appointed a five-man special com- 
mittee to assist the Industrial Commission in 
setting up this program. 

After a recess at noon for a picnic lunch, the 
meeting convened in informal session for a 
brief discussion of surveying problems. One of 
the main items of discussion was the section of 
the new platting law which allows filing of a 
survey map with the register of deeds rather 
than a lengthy metes and bounds description. 
This method of conveyancing was well received 
by those present, but several members had ex- 
perienced difficulty in trying to present the neces- 
sary data on a map of the specified small size. 

The Board of Direction has voted to increase 
annual dues from $5 to $7 and recommended an 
additional increase to $10 in 1958 in order to 
provide funds for future legislative endeavors 
and for eventual publication of the Code of 
Ethics and the Schedule of Minimum Fees. 


Georgia Association of Registered 
Land Surveyors 


From the September 1956 issue of Field 
Notes, the monthly publication of the Georgia 
Association of Registered Land Surveyors, cap- 
ably edited and distributed by Secretary- 
Treasurer J. Harold Smith, we learn that there 
are now 1,087 registered land surveyors in the 
State of Georgia. (Less than 40 of these are 
members of ACSM.—Editor) 

This issue also reports that two cases of im- 
proper surveying practice have recently been 
referred to the Georgia State Board of Ex- 
aminers and that a full-fledged investigation 
was made in one of these instances. This action 


is welcomed by most surveyors of the State. In 
the words of Mr. Smith: “If the State Board 
of Examiners and the Georgia Association of 
Registered Land Surveyors are to mean any- 
thing . . . and if they are to continue to hold a 
position of high regard . . . it becomes a must 
that certain standards be enforced and main- 
tained by the State Board and by the GARLS. 
A gradual rise in the standards of practice .. . 
and more enforcement to maintain the stand- 
ards would prove healthy for all men in this 
field.” 
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Election of Officers for 1957 


Under the provisions of ACSM Constitution 
and Bylaws, in Executive Session on May 15, 
1956, President Higbee named the following 
ACSM Nominating Committee; Helmuth Bay, 
Frank S. Borden, with Gerald FitzGerald as 
chairman and Walter S. Dix, member ex officio, 
acting secretary to the committee. Continuing 
deliberations through August, candidates were 
officially nominated during September, and the 
ACSM Nominating Committee hereby present 
and introduce the following candidates accept- 
ing nomination and responsibility of office if 
elected by ballot of the membership for the 
coming year. 

For President (one year term) 

ROBERT H. LYDDAN, Washington, 
D. C. 
For Vice President (one year term) 
WILLFRED B. WILLIAMS, Grand 
Rapids, Mich. 

For Directors, 1957-58 (Five to be elected for 

two-year terms) 


LOREN A. BLOOM 
WARREN C. CRUMP 
CHARLES H. DAVEY 
ROBERT ELLER 

I. E. RITTENBERG 
JACOB SKOP 
ROBERT J. VOSKUIL 


Ballots are scheduled to be mailed to the 
membership during the final quarter of 1956 
so that election results may be announced as 
early as possible in the new year. Actual in- 
duction of new officers will take place during 
the 17th Annual Meeting in March 1957, the 
incumbent officers remaining in office until 
that time. 

Brief biographies of the candidates follow: 


ROBERT H. LYDDAN 


Mr. Lyddan was born in Irvington, Ky., 
December 3, 1910; graduated from the Uni- 
versity of Kentucky as a civil engineer in 1931; 
served with the Interstate Commerce Commis- 
sion from 1931 to 1933; and then joined the 
Geological Survey. Until 1946 he was engaged 
in a variety of topographic mapping activities 


at several different locations in the United 
States, Alaska, and Puerto Rico. 

From 1946 to 1955 Mr. Lyddan served as the 
chief of the Planning Branch of the Geological 
Survey’s Topographic Division. From 1955 to 
1956 he was in charge of the Survey’s Atlantic 
Region, with headquarters in Arlington, Va. 
In May 1956 he was made Assistant Director of 
the Geological Survey. 

Mr. Lyddan has served ACSM as a director, 
1952-53 and 1955-56; as a member of the Ex- 
ecutive Committee; and as deputy chairman of 
the Professional Status Committee. He _ is 
ACSM representative to the Division of Earth 
Sciences of the National Research Council. He 
was also chairman of the Surveying and Map- 
ping Division of the American Society of Civil 
Engineers, 1953-55; a director of the Washing- 
ton Society of Engineers, 1951-52; and is a 
member of the American Society of Photogram- 
metry and the Society of American Military 
Engineers. 


WILLFRED B. WILLIAMS 


Mr. Williams was born in Grand Rapids, 
Mich., and has lived in that city throughout his 
entire life. He graduated (B.S.) from Michi- 
gan State College in 1921; received the C.E. 
degree from the same school in 1931; holds 
registration in Michigan both as a land surveyor 
and as a civil engineer; and has been County 
Surveyor of Kent County since 1939, when he 
succeeded his father who had held the same 
office since 1892. 

In 1924 the father and son and two others in- 
corporated their private practice under the 
name of Williams and Works. They have been 
active in all phases of land surveying, mapping, 
property development, sanitary engineering, and 
highway engineering since that date, primarily 
in western Michigan. W. B. Williams has been 
president of the organization since 1931. His 
son, Ted, (R.L.S. and P.E.) is also an officer, 
and his grandson shows inclinations to follow 
the same trail. 

“Bill” is Vice President of the Michigan 
Title Company, a Past President of the Michi- 
gan Society of Registered Land Surveyors, a 
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Director of the Michigan Engineering Society, 
and has been a member of ACSM since 1949. 
He is a member of the ACSM Advisory Com- 
mittee and preceded Gordon Ainsworth as 
Chairman of the Property Surveys Division. 


LOREN A. BLOOM 


Loren A. Bloom was born at Chicago City, 
Minn., October 29, 1907. He attended Kansas 
University, majoring in aeronautical engineer- 
ing. A short career in aircraft design and stress 
analysis ended with the depression. His civil 
service career began in August 1930 with the 
Corps of Engineers. He spent two years with 
the Kansas City District Engineer Office on 
photogrammetric mapping of the Missouri 
River. In 1932 Mr. Bloom was transferred to 
the St. Louis District Engineer Office to work 
on the photogrammetric mapping of the Mis- 
sissippi and Illinois Rivers and associated sur- 
veys in connection with land acquisition for 
these waterways. 

In 1941 Mr. Bloom transferred to Head- 
quarters Army Air Corps, where the project be- 
came one of developing aeronautical charts to 
meet the requirements of a global war. From 
this office in Headquarters AAF was formed the 
USAF Aeronautical Chart Service where Mr. 
Bloom served as Technical Advisor to the Com- 
mander from 1943-52. He was then trans- 
ferred to Headquarters USAF and is now Chief 
of Cartography in the Photo and Cartography 
Branch, as well as Technical Advisor to the 
Director of Operations, Headquarters, USAF. 

Mr. Bloom is a member of the American 
Society for Photogrammetry, Institute of Navi- 
gation, American Geophysical Union, and 
ACSM. 


WARREN C. CRUMP 


Warren C. Crump, since 1943, has been 
Deputy Director of the Technical and Produc- 
tion Department of the U. S. Navy Hydro- 
graphic Office, with which office he has been 
associated as Cartographer since 1920. A gradu- 
ate of George Washington University, with a 
degree in civil engineering in 1940, he con- 
tinued postgraduate studies during 1941-44 at 
the same school under War Training Programs 
in science, education, and management. 

He is a member of Theta Tau, Sigma Tau, 
and Omicron Delta Kappa, and is also active 
in alumni activities, being President, G. W. U. 
Engineer Alumni Association, member Alumni 
Board of Control, and Alumni representative in 
the U. S. Navy Hydrographic Office. 
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He is a member of the American Society of 
Photogrammetry, the Washington Litho Club, 
and has actively served ACSM as Chairman, 
Cartography Division, 1949-50; member of the 
Publications Committee, 1948-50; and Vice 
President, 1951. 


CHARLES H. DAVEY 


Charles H. Davey graduated from Syracuse 
University in 1913 with the degree of Civil 
Engineer. He was appointed a Junior Topog- 
rapher in the Geological Survey in 1912 and 
was assigned to topographic field surveys from 
1912-17 and from 1912-33. During World 
War I he was a captain in the 29th Engineers, 
A.E.F., 1918-19. In 1920-21 he was an as- 
sistant engineer with the New York Water 
Power Investigation. 

From 1933-35 and 1937-42 he was Section 
Chief, Topographic Division, USGS, in charge 
of topographic surveys in New England. In 
1936 he was in charge of completion of the 
planimetric mapping program of the Tennes- 
see Valley Authority, and from 1943-46 was 
Chief, Section of Photogrammetry, USGS. In 
1947 he became Chief, Topographic Surveys 
Section, Research and Technical Control Staff 
Branch, holding this position until May 1956 
when he became Atlantic Region Engineer, 
USGS. 

Mr. Davey is a charter member of the 
American Society of Photogrammetry, a mem- 
ber of the Washington Society of Engineers, 
and has served ACSM from 1950-54 as ACSM’s 
first representative to the National Research 
Council of the National Academy of Sciences. 


ROBERT C. ELLER 


Robert C, Eller was born in Spokane, Wash., 
and attended schools there and in western Mon- 
tana. He majored in chemical engineering 
at Spokane Valley Junior College and at Wash- 
ington State College. Mr. Eller practically 
grew up in the surveying profession: his father 
was for many years the County Surveyor of 
Mineral County, Mont. He served as Deputy 
County Surveyor for a short period before ac- 
cepting a position with the U. S. Geological 
Survey in Washington, D. C., in 1942. He has 
been with the Survey since that time and is 
now Chief, Planimetric Compilation Section, 
Special Maps Branch, Topographic Division. 

Mr. Eller served as Assistant Editor of Sur- 
VEYING AND Mapprtne in 1952 and as Editor-in- 
Chief from 1953-55. 
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I. E. RITTENBERG 


Captain Isidor E. Rittenberg, Assistant Direc- 
tor for Administration, Coast and Geodetic 
Survey, since September 1952, was born in Bos- 
ton, Mass., February 5, 1901. He graduated 
from Tufts College in 1923 with a degree in 
civil engineering and immediately entered on 
duty with the Coast and Geodetic Survey. He 
has devoted his entire professional career to the 
Survey, where he has made progressive advance- 
ment from Ensign to Captain. 

Captain Rittenberg has made important con- 
tributions in the field of hydrographic and geo- 
detic surveying; his field assignments have in- 
cluded surveys along the Atlantic and Pacific 
coasts of the United States and in Alaska and 
the Philippines; he has served as nayigator, ex- 
ecutive officer, and commanding officer on vari- 
ous survey ships of the Bureau; and prior to as- 
suming his present duties he was Assistant 
Chief, Division of Coastal Surveys. He has 
also served as Chief, Nautical Chart Branch 
and as Assistant Chief, Division of Charts. 

He is a member of the Institute of Naviga- 
tion, the Society of American Military Engi- 
neers, the American Geophysical Union, and 
ACSM. 


JACOB SKOP 


Jacob Skop was born in Baltimore, Md., 
November 11, 1906. He attended both Rhode 
Island State College and the University of 
Maryland. He joined the Army Map Service 
in June 1938 and has had increasingly responsi- 
ble assignments through his service with that 
organization. 

In January 1941, he organized AMS Map 
Editing; in June 1943, he became Chief of Map 
Design; and has served as Chairman of the 


Joint Mapping and Photographic Subcommit- 


SURVEYING AND MAPPING 


tee, which standardized map symbolization and 
basic specifications used by Federal mapping 
agencies in preparing large- and medium-scale 
maps. He served as U. S. Army technical 
representative in the Canada-Britain-United 
States Army Map Standardization Proceedings, 
and later served in a similar capacity in NATO 
map standardization. In 1951-52 he served as 
AMS Liaison Officer in Europe. He is now 
Chief, User Requirements Division, AMS. 

Mr. Skop is the author of numerous articles 
which have appeared in various domestic and 
foreign journals devoted to surveying and map- 
ping. He is a member of the American Soci- 
ety of Photogrammetry and the Society of 
American Military Engineers. His service to 
ACSM includes a tour of duty as member of 
the Publications Committee; Chairman, Pro- 
gram Committee for the 1954 Annual Meet- 
ing; and he was one of the organizers of and a 
director of the Topography Division. 


ROBERT J. VOSKUIL 


Robert J. Voskuil has been a_ professional 
cartographer with the United States Govern- 
ment for the past 15 years. He served as chair- 
man, Cartographic Division, ACSM in 1951 and 
is currently a Director of that Division. He has 
attended several international cartographic con- 
ferences, is a member of the United States 
Board of Geographic Names, and has concen- 
trated his efforts in the field of special maps. 
Prior to government service he taught Geog- 
raphy at Syracuse University and at the Uni- 
versity of Illinois, having had formal training 
in that field at both undergraduate and graduate 
levels. 

He is a member of the Association of Ameri- 
can Geographers and is currently representing 
the interests of ACSM on the Cartographic 
Cemmittee of that organization. 


Northern California Section 


The Northern California Section held a very 
successful meeting in Sacramento on October 
5, 1956, with “open house” at both the Geo- 
logical Survey and Bureau of Land Manage- 
ment offices. At the formal meeting in the 
evening, a surprise visit by our National Presi- 
dent, Lester C. Higbee, climaxed the day’s 
activities. 

The Bureau of Land Management had an 
exhibit of various types of monuments—from 
stones to galvanized pipes capped with bronze 
disks. The files were open to show filing and 


indexing systems; original field notes and plats 
were on display; and explanations of procedures 
for obtaining data were given by the office per- 
sonnel, under the direction of Cadastral Engi- 
neer George F. Tyrrell. Visitors to the office 
were fortunate in having the opportunity of 
meeting Earl G. Harrington, Cadastral Engi- 
neering Staff Officer to the Director of the 
Bureau of Land Management, who happened 
to be here from his Washington, D. C. office. 

Approximately three hundred visitors to the 
U. S. Geological Survey offices were welcomed 
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at the door by guides who conducted them on 
tours to see demonstrations and hear talks on 
various phases of the procedures followed in 
photogrammetry, field surveys, cartography, 
conservation, and water resources. As usual 
the Geological Survey personnel were well 
qualified for their assigned tasks, and the visitors 
left the offices with a great deal of information 
and a better understanding of the functional 
operations involved in the preparation of a 
modern U. S. Geological Survey quadrangle 
sheet. 

A GEopIMETER was also on display and was 
demonstrated by Milton E. Compton, of Berg, 
Hedstrom & Co., Inc. The measuring of 20- 
mile base lines to an accuracy of four inches 
and higher degrees of precision brought out a 
lot of questions from the bystanders, which were 
very ably answered by Mr. Compton. 

At the formal evening meeting, the first 
paper was given by Mr. Tyrrell of the Bureau 
of Land Management. He reviewed the estab- 
lishment of the land-office surveys in California 
and the present practices of cadastral engineer- 
ing in that Bureau. This paper was so well 
prepared that, at the end of the meeting, Mr. 
Tyrrell was swamped with requests for copies 
of the paper. Mr. Harrington of the Washing- 
ton office of the Bureau assisted Mr. Tyrrell in 
answering questions from the floor relative to 
cadastral engineering practices. 

The second item on the agenda was the pre- 
sentation of a color motion picture and a talk 
by Milton E. Compton on the Geopimeter. 
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Mr. Compton, even after a very busy day of 
explaining and demonstrating this new and ac- 
curate distance-measuring device, again had the 
GropIMETER on display and answered questions 
from the floor. 

Climaxing the evening was a surprise visit 
from Lester C. Higbee. Mr. Higbee was not 
scheduled to arrive in the San Francisco Bay 
area until Sunday, October 7th, but, when he 
learned of the Sacramento meeting, he made 
special arrangements and flew directly from 
Seattle to Sacramento, arriving about midway 
of the meeting. Robert O. Davis, newly ap- 
pointed Pacific Region Engineer, USGS, in- 
troduced Mr. Higbee who then gave a brief 
report on the Fall Convention and Co-Exhibit 
of the American Society of Photogrammetry 
and the American Congress on Surveying and 
Mapping in Denver, Colo. Mr. Higbee also 
told of the activities of the national organization 
and praised its officers for the vast amount of 
work they are doing. He urged that we con- 
tinue to get more members; that we place our- 
selves before the public in a professional man- 
ner; and that we encourage further education 
in the sciences of surveying and mapping. 

Vernon S. Seward, Past Chairman of the 
Northern California Section, was the program 
chairman for this meeting, and he was given a 
vote of thanks for his efforts in making it the 
big success it was. 

—Hartey A. WATERFALL 
Acting Chairman 


Surveyors’ Day 


The historic college of William and Mary 
announced, during October 1956, plans for a 
special “Surveyors’ Day” next year as a feature 
of its participation in the elaborate 1957 James- 
town Festival. 

“In view of William and Mary’s role in the 
early days of American surveying,” said William 
and Mary President Alvin Duke Chandler’s 
announcement, “it is altogether fitting and 
proper that, as America looks back 350 years 
to the first permanent English settlement at 
Jamestown, the College should take the lead 
in setting aside a special observance in honor of 
the surveying profession and the important 
role surveying has played in the development 
of the nation.” 

It was from William and Mary that George 
Washington in 1749 received his first public 
office—a license to practice surveying. He was 


appointed County Surveyor of Culpeper County 
at the age of 17 by William and Mary. 

At that time, the College was Surveyor- 
General of the Colony of Virginia, and the Wil- 
liam and Mary faculty was entrusted with the 
duty of examining and licensing surveyors. 

In addition, according to Librarian Emeritus 
Dr. Earl Gregg Swem, members of William and 
Mary faculty served on a number of important 
boundary-survey commissions during the colo- 
nial period. 

“The relationship of the College to surveying 
in the colonies was a particularly close one,” 
noted Dr. Swem, “and this is a timely occasion 
for us to emphasize, not only the important 
role William and Mary played in colonial times, 
but also the importance of the surveying pro- 
fession to the world today.” 

Dr. John T. Baldwin, Jr., director of William 
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and Mary’s participation in the Jamestown 
Festival, said that plans are already being form- 
ulated in cooperation with national surveying 
officials, The observance is scheduled for Aug- 
ust 23, 1957. 

Cooperating with the college in planning for 
“Surveyors’ Day” are the American Congress 
on Surveying and Mapping and the Virginia 
Association of Surveyors. 

At a meeting held recently at the College, 
representatives of the participating organiza- 
tions decided to base the theme of the celebra- 
tion on the “History of Surveying in the United 
States.” 

Present at the Williamsburg meeting were 
John Marshall of Arlington, Va., Vice President 
of the Virginia Association of Surveyors; R. V. 
Carter of Williamsburg, Va., Past President of 
the VAS and chairman of the VAS Surveyors’ 
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Day Committee; Howard S. Rappleye of Wash- 
ington, D.C., Editor-in-Chief of Surveyine 
AND Mappina, the official quarterly journal of 
the American Congress on Surveying and Map- 
ping; Victor H. Ghent of Annandale, Va., Sec- 
retary of the Property Surveys Division of the 
ACSM; Herbert Ganter, William and Mary 
Archivist; and Dr. Baldwin. 

“Surveyors’ Day” is but one of a number of 
special days William and Mary is planning for 
the Festival Year. Others will be focused on 
ceratin key figures who made special contribu- 
tions to the College and the Nation during the 
early years in the institution. 

William and Mary was established by Royal 
Charter in 1693, 86 years later than and seven 
miles inland from where Captain John Smith 
and the first English settlers landed at James- 
town in 1607. 


Mapping plans for a special “Surveyors’ Day” to be held next summer at the College of William 

and Mary are (left to right) Howard S. Rappleye of Washington, D. C.; Dr. John T. Baldwin, 

Jr., of the College of William and Mary; John Marshall of Arlington, Va.; R. V. Carter of Wil- 

liamsburg, Va.; and Victor H. Ghent of Annandale, Va. “ Surveyors’ Day” will be a special ob- 
servance in connection with the 1956 Jamestown Festival. 


Texas Section 


Forty members and guests were present when 
Chairman J. A. Tomlinson opened the twenty- 
second meeting of the Texas Section at the 
Hospitality House in Houston on the evening 
of October 12, 1956. 


After a report by Treasurer Tom Dillon, in- 
forming those assembled that the Texas Section 
now has 185 paid-up members, Chairman Tom- 
linson reported on the joint meeting of ASP 
and ACSM local sections at Denver. He said 
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that a similar meeting will probably be held at 
St. Louis next year. 

J. S. Boyles reported the progress being made 
by the Commemorative Stamp Committee. He 
stated that present plans are to work toward the 
issuance of the stamp during the 350th-anni- 
versary celebration of the founding of James- 
town during the summer of 1957. The Col- 
lege of William and Mary, which is working 
with ACSM toward issuance of the stamp, has 
designated one day during the celebration as 
Surveyors’ Day. It is hoped that the stamp can 
be issued on that day. The Texas Section sur- 
veyors are working on the design of the stamp 
which will commerftorate the surveying pro- 
fession. 

Mr. Boyles reported that 1,007 surveyors are 
now registered as land surveyors in Texas, of 
which 330 are registered as engineers as well. 

Florian E. Davatz, Executive Vice President 
of the Kern Instrument Co. of White Plains, 
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N. Y. was introduced as the principal speaker 
by R. L. Sargent. Mr. Davatz spoke on “The 
History of Optical Instruments and Demonstra- 
tion of Late Developments.” He gave credit 
for the incorporation of optical systems in sur- 
veying instruments to Dr. Henry Wild, who 
early recognized the necessity of improving up- 
on such instruments as the compass. The 
superficial similarity of many European instru- 
ments, Mr, Davatz said, is due in part to the 
early inventions of Dr. Wild and to the expira- 
tion of his early patents on them. Mr. Davatz 
outlined the fundamental requirements of a 
good instrument and traced the history of ef- 
forts to satisfy these requirements. 

Following the adjournment of the meeting, 
an opportunity was presented for members and 
guests to inspect the equipment on display and 
to enjoy a social session. 

—Honce E. Mason 
Editor, Texas Section 


Personals 


Announcement was made October 12, 1956, 
of the appointment of Otto G. J. Schaler as as- 
sistant to H. Walton Cloke, public relations co- 
ordinator for Kaiser Industries Corporation. 
Mr. Schaler is a graduate of George Washing- 
ton University and the University of Virginia 
School of Military Government. He also 
studied law at George Washington University 
and was Chief, Information Division, Legal 
Section, Supreme Commander for the Allied 
Powers in Tokyo after World War II. 


Michael Baker, Jr., announces the purchase 
of the J. Murray Africe Company of Hunting- 
ton, Pa., which will be continued as a division 
of Michael Baker, Jr., Inc., Rochester, Pa. 


Col. F. T. Norcross, President of Associated 
Engineers, Inc., Washington, D. C., has been 
retained as planning consultant for the Thorn- 
cliff Park development in Toronto, Ontario, 
Canada. 


Professor Paul Hartman has been elected 
chairman of the Department of Civil Engi- 
neering of the College of the City of New York. 


Harold R. Edmonston, Chief, Nautical Chart 
Branch, Coast and Geodetic Survey, retired 
October 31, 1956, after 36 years service with 
the Survey. During World War I, he served 
with the 472nd Engineers, specializing in the 
production of relief maps. Then, after a short 


period with the New Jersey Zinc Company, he 
was appointed to a position in the Coast and 
Geodetic Survey. He was assistant to the chief 
draftsman in the Manila Field Station until 
1924. Gradually taking on positions of greater 
responsibility, he became Chief, Nautical Chart 
Branch on January 1, 1949. The Edmonstons 
will live in Fort Lauderdale, Fla. 


William F. Childs, Jr., retired from the 
Maryland State Roads Commission on October 
1, 1956, and is now a consultant with the firm 
of Whitman, Requardt and Associates, 1304 St. 
Paul St., Baltimore 2, Maryland. 


Retiring Treasurer Richard T. Evans is to be 
succeeded by Captain Henry W. Hemple who 
was appointed by President Higbee, following 
nomination in Executive Committee meeting in 
Washington, D.C., November 8, 1956. The 
new treasurer will gradually take over from 
Treasurer Evans during the month of Decem- 
ber to assume full responsibility by the new 
year. Major Evans will retain active charge 
of Library Memberships, subscriptions to the 
Journal, and related matters. Captain Hemple, 
formerly Chief, Division of Geodesy, Coast and 
Geodetic Survey, has previously served ACSM 
as Chairman of its Control Surveys Division. 
In accepting Major Evans’ formal resignation, 
President Higbee said, “Words cannot fully ex- 
press our appreciation of his voluntary efforts in 
the service of ACSM over these many years.” 
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IT IS THE INSTRUMENT FOR YOU because : DODL, 
of its unique qualifications to do your jobs : Surve 
Faster, Easier and Better. BRSKI 
EWOLI 
10. 
Office 
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FOR COMPLETE INFORMATION WRITE FOR BOOKLET DK 518-6 


N 
ff 
Los 
SPB 
‘Kern 
AARAU 
eee q 
+4 


NEW MEMBERS 


INDIVIDUAL MEMBERSHIPS 


ALBRECHT, Edwin A., 109 S. Royal St., Alexandria, 
Va.—Land Surveyor, Albrecht, Patterson and As- 
sociates 

ANASTASSIADIS, T. D., 261 W. Floresta Way, 
= Park, Calif.— Civil Engineer with George 8. 
Nolte 

ARNOT, John P., 2258 Whitney St., Toledo, Ohio— 
Chief of Party, T. C. Biebesheimer Engineering Co. 


BALL, E. Stuart, 505 Cumberland Ave., Portsmouth, 
Va.—Partner, Ball and Hassell, Surveyors 

BANKS, W illiam L., Jr., Room 2449 Municipal Bldg., 
New York 7, ." Y.—Jr. Civil Engineer, Dept of 
Water Supply, Gas and Electricity 

BIEBESHEIMER, T. C., 725 Cherry St., 
Ohio—Civil Engineer and Surveyor 

BOGGUS, Ernest L., 75% Huater St., W., Atlanta 
3, Ga.—Civil Engineer and Land attads 

BOLSTAD, Comdr. Roswell, C., 1434 Federal Bldg., 
Los Angeles 12, Calif.—-Hydrographie and Geo- 
detic Engineer, Coast and Geodetic Survey 

BONE, Prof. Alexander J., Room 1-349 Massachu- 
setts Institute of Technology, Cambridge 39, Mass. 
—Associate Professor, Highway and Airport En- 
gineering 

BOSWELL, A. W., Box 654, Battleboro, N. 
ester-Surveyor, M. C. Braswell Co. 

BRADEN, W. E., 108 W. 2nd St., 
Calif.—Field Engineer, 
gineering Dept. 

BRANDT, Orville A., 


Toledo 4, 


C.—For- 


Los Angeles 12, 
Los Angeles County En- 


3867-A N. 18th St., Milwaukee 


6, Wis.—Civil Engineer and Surveyor, City of 
Milwaukee 

BREWER, Robert A., 33 Beverly Rd., Berkeley 7, 
Calif.—Associate Civil Engineer, Division of 


SFBTC 
BROWN, J. Edward, 416 5th St., 
Va.—Land Surveyor 
BURNSTINE, Monroe, 522 N. Burdick St., 


mazoo, Mich.—Chief of Party, DeLeuw, 
and Co. 


CAGE, Conrad, Jr., 
Surveyor 


Virginia Beach, 


Kala- 
Cather 


P.O. Box 787, Monroe, La.—Land 


CALCANO, Dr. Eduardo, Avenida Negrin 26, Elre- 
ereo, Caracas, Venezuela, S.A.—Director, Carto- 
grafia Nacional 

CALDERON, Joaquin G., Carrera 14-D, 4-21 Cali, 


Valle, Colombia, S.A.—Highway Engineer 
CHLADEK, Jerome F., 4622 W. Center St., Mil- 


waukee 10, Partner, Engel and 
Engel 

CITY ENGINEER, City of Mt. View, Mountain 
View, Calif. 


COPELAND, Alfred, 4458 8S. First Place, Arlington, 
Va.—Civil Engineer and Land Surveyor 

CORRY, Richard, Estacada, Ore. 

COTTRELL, Jack W., Jamesville Rd., R.D. 2, Man- 
lius, N. Y.—Land Surveyor 

CUNNINGHAM, William P., 1923 N St., N.W., Wash- 
ington 6, D.C.— Cartographer, UL. S. Navy Hydro- 
graphic Office 


DEWART, Alan, 220 Golden Gate Ave., 
cisco 2, Calif.—Asst. Highway 
fornia Division of Highways 

DIEHL, Lloyd G., 4211 Colchester Dr., Kensington, 
Md.—Land Surveyor, Anchorage Engineers 

DIXON, Jack M., Cold Springs Road, Huntingdon, 
Pa.—The J. Murray Africa Co. 

DODL, Rudolph C., P.O. Box 224, Farmville, Va.— 
Surveying and C ivil Engineering 


eS Mitchell, 152 Mecklenburg St., 
B., Canada. 
saeco. Ernst, 963 Grosvenor Place, 
10. Calif.—Surveyor, 
Office 


San Fran- 
Engineer, Cali- 


St. John. 


Oakland 
Alameda County Surveyor's 


FAIRCHILD, F. M., 2620 Peckham St., Houston 6, 
fee ‘ex.—Instrumentman, Houston Power and Light- 
ng Co. 

FASIC, George W., 217 South 7th Ave., West Read- 
ing, Pa.—Cartographer, Aero Service Corp. 

FEE, Creighton C., Box 162, Faust, N. Y.—Instru- 
mentman, Erdman and Hosley 

FINLEY, Dr. Luther E., 2515 N. 36th St., Phoenix, 
Ariz.—Professor of Technology and Industry, Ari- 
zona State College 

FLYNN, Robert T., P.O. Box 151, Palisades, Idaho— 
Construction Manage ment Engineer, U.S.B.R. 

FRANCIS, James M., St. Thomas Manor, Lingles- 
town, Pa.—-State Research Forester, Dept. of For- 
ests and Waters 


GANT, Melvin C., 139 Kendall Way, Covina, Calif.— 
Survey Party Chief, City of Los Angeles 

GIVENS, Alan C., 9739 S.E. Mill St., Portland 16, 
Oreg.—Chief of Survey Party, Multnomah County 
Road Dept., Portland Dept. 

GOLDSMITH, Hugh, 513 Third Ave., 

—Manager, Civil Division, 
& Associates 

GREFE, Richard F., Springhill Road, McLean, Va.— 
Civil Engineer and Surveyor 


Seattie, Wash. 
Gellert, Griffen, Harrigan 


HALL, Alan E., Route 1, Box 64, Enumclaw, Wash. 
—Chief of Party, Corps of Engineers, U. S. Army 
HASSELL, T. Ray, II, 505 Cumberland Ave., Ports- 
mouth, Va.—Partner, Ball and Hassell, Surveyors 

HEFNER, Joe C., Route 3, Box 343, eahery. N. C.— 
Surveyor with WwW alter C. Jones, C. 

HELLMER, Roy A., P.O. Box 132, ‘Lyne, Mes.— 
Civil Engineer, Dept. of Public Works, Common- 
wealth of Massachusetts 

HELM, Arnold R., 111 Cold Hill, 
Owner, Custom Building Service 

AM, Paul 8., 140 S. Avena Ave., Lodi 

, Calif.—Senior Engineer, Pacific Gas and Elec- 
Co. 

HILLIARD, Glenn S., 204 Marvin Rd., Silver Spring, 
Md.—Surveying, Wilberding Co., Ine. 

HOLTBUER, William C., 10940 N.E. Brazee St., 
Portland 20, Oreg.—Draftsman, Pacific Power and 
Light Co. 


Granby, Mass.— 


INGALLS, Burton R., Division of Surveys and Maps, 
Dept. of Public Lands, Box 110, Olympia, Wash. 
1IZZO, Dominick, 5911 Accomac St., Springfield, Va. 
—Office and Field Engineer and Land Surveyor, 

Springfield Surveys 


JONES, Delmar R., P.O. Box 1826, Fresno, Calif.— 
Title Engineer, Title Insurance and Trust Co. 


KARN, Bill, 1737 Kraft St., Oceanside, Calif.—Chief 
of Party for John C. Weeks, Surveyor 

KENT, Charles J., Jr., 114 Country Hill Drive, Fair- 
fax, Va.—Land Surveyor, Springfield Surveys 

KEP NER, c. E., P.O. Box 2101, San Antonio 6, 
Tex _—Executive, Edgar Tobin Aerial Surveys 

KERNS, Charles J., Gloucester, Va.—Assistant En- 
gineer, Commission of Fisheries 

KULIS, Anthony S., 3001 Myer Blvd., McKeesport, 
Pa.—Photogrammetrist, R. A. Cummings, Jr., and 
Associates 


LEWIS, Glen S., Standard Surveying Co., Box 107, 
Kileen, Tex.—Land Surveyor 
LEWIS, Noy O., P.O. Box 621, Abbeyville. La.— 


Land Surveyor 

LURAGHI, R., Vice President, Filotecnica Salmoir- 
aghi, Inc., 41-14 24th St., Long Island City 1, 
—Instrument manufacturers 


MARTIN, John W., 1212 18th St., N.W., Washington 
6, D. —Superv Photogrammetric Unit, Air- 
ways Mapping Service, Inc. 

MAYER, Richard. R., 3767 Darrow Rd., Stow, Ohio— 
Surveyor with S. G. Swigart and Son 


519 


520 


McCLELLAN, John Howard, Trust Company Bldg., 
Waynesboro, Pa.—Land Surveyor 

McCONNELL, H. J., P.O. Box 4197 (T&C), Sacra- 
mento 21, Calif. 

McGEORGE, Darrell R., U.S.S. (AGS-15), 
c/o Fleet Post Office, New “York, . Y.—Surveyor, 
U. 8S. Navy Hydrographic Office 

McGINTY, Winnant C., 7403 Exmore St., Springfield, 
Va.—Land Surveyor, Springleld Surveys 

McLAIN, John A., Jr., 3717 Holmes Lane, Alex- 
andria, Va.—Draftsman for Cecil J. Cross, Engi- 
neer and Surveyor 

MILLARD, Robert W., P.O. Box 150, Ely, Nev.— 
Civil Engineer, F. W. Millard and Son 

MOREE, Leland E., Jr., 6442 Douglas Rd., Toledo 
a Ohio—Engineer, T. C. Biebesheimer Engineer- 
ng Co. 

MULLER, Ewart C., Sr., 414 Margaret St.. Iron 
Mountain, Mich.—Draftsman-Surveyor 

MURRAY, Milton, 2200 E. 14th St., San Leandro, 
a. Civil Engineer, Murray and MeCormick, 

ne. 

MYERS, Hewitt J., Box 364, Houma, La.— 
Tennessee Gas Transmission Co. 


ingineer, 


NEWMAN, Gene J., 3306 S. 216th St., Seattle 88, 
Wash.——Construction Supt., Civil Aeronautics Ad- 
ministration 

NOYES, William J., 330 Erie St., Toledo, Ohio-— 
Owner, National Survey Service of Toledo 


OLIVER, J. H., 712 Summit Blvd., West Palm 
Beach, Fla. Chiet of Survey Section, Gee & Jen- 
son, Ine. 

PATTERSON, Chauncey H., Jr., 109 8S. Royal St., 


Alexandria, Va.—Civil Engineer, Albrecht, Patter- 
son and Associates 


POTRYKUS, Stanley J., 5507-A W. Oklahoma Ave., 
Milwaukee, Wis.-Chief of Survey Operations, 
Joseph P. Jansen Co. 


RATHJEN, Bernard D., 2540 Evelyn St., Montrose, 
Calif._-Survey Party Chief, Los Angeles County 
Road Dept. 

RAUBFOGEL, Isidore, 1310 N. Court House Rd., 
Arlington 1, Va.—Cartographie Compilation Aid, 
USGS 

RIDLEY, Arthur N., Dept. of Engineering, Room 
hoz, City Hall, Long Beach, Calif.—Section Head, 
Street Improvement Design 

ROBERTSON, Charles M., Srigley St., General De- 
livery, Newmarket, Ont., Canada—Surveyor, Dept. 
of Highways 

ROB ERTSON, Jeffrey J., 26 E. Gate St., Copiague, 

.—Draftsman-Computer, Charles E. Glass, 
East Meadow, 3. 


Trainee 


The following, quoted from a release by the 
National Bureau of Standards, seems to us to 
suggest one possible answer to the question, 
“Where are the future land surveyors to come 
from?” The National Bureau of Standards has 
apparently been quite successful in interesting 
capable students in the program and in even- 
tually securing their services on a permanent 
basis. It seems possible that surveying organi- 
zations might well give some thought to a similar 
method of interesting students in the profession 
of land surveying. —EpiTor 


“In an effort to meet its increasing demand 
for high-caliber technical graduates, the Na- 
tional Bureau of Standards is giving students an 
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nQvnGre. Ward L., 2404 Terrett Ave., Alexandria, 
Chief, Sanitation and Service Division, Dept. 
‘Public Works 

SAUNDERS, M. S&., ¢/o International Petroleum Co., 
Ltd., Apartado 1081, Lima, Peru, S. A.—Chief 
Engineer, Exploration 

SCHEIMAN, Philip, H., 3129 Parkway Terrace, Apt. 
8, Washington 8, D. .—Air Navigation Specialist, 
U. S. Navy Hydrographic Office 

SHINE, D. D., 665 8S. Third St., Silsbee, Tex.— 
County Surveyor, Hardin County 

SMITH, Bob, 308 8S. Olive St., Calif.— 
Engi neering Aid, County of Ken 

STANNARD, J. G., ¢/o Top. N.N.G.P.M., 
Sorong, Ned. Nieuw Guinea—Topograf, Neder- 
landse Nieum Guinea Petroleum Maatschappij 

STEBBINS, Roderick E., 2388 Fair Oaks Blvd., 
Sacramento 25, Calif.—Delineator, State Board of 
Equalization, Division of Assessment Standards 

STEPHENS, Clyde K., P.O. Box 1202, Lansing 4, 
Mich.—Civil Engineer and Surveyor 

SWAIM, James H., Jr., 1170 S. Elm St., Denver, 
Colo.—Cartographer, U. 8S. Geological Survey 

TAYLOR, Jack T., 409 E. 21st St., Anniston, Ala.— 
Assistant City Engineer 

TREVALLEE, Guy A., 2133 Tevis Rd., Sacramento, 
21, Calif.—Cartographic Aid, Final Edit Unit, 
USGS 

TODD, Kermit A., Box 445, 25 Lincoln St., West- 
field, Pa.—District Engineer, N. Y. State Natural 
Gas Corp. 

WALTERS, Thomas E., Jr., 826 Fostoria Lane, 
Houston, Tex. —Geological and Land Draftsman 
with Claud B. Hamill, Oil Operator 

WELSH, Edward E., 343 “A” Rhomar Circle, Mari- 
etta, Ga.—Chief Engineering Draftsman, Corps of 
Engineers, U. S. Army Division Office 

WOOD, James E., Jr., 603 Cotton States Bldg., 
Nashville, Tenn.—Sr. Engineer, in Charge Draft- 
ing and Mapping Section, Tennessee State High- 
way Dept. 

YAMASHITA, Masaji, 3329 Woodlawn Dr., Honolulu 
14, Hawaii—Land Surveyor, Land Division, D. P. 
w. 


YOUMAN, Robert B., 1525 Maddox Drive, Redwood 
City, Calif.—Engineer, Wilsey and Ham 

YOUNG, C. E., P.O. Box 364, Houma, La.—Map 
Draftsman, Tennessee Gas Transmission Co. 


ZARO, Eraldo, 15 Park St., San Rafael, Calif.—Sur- 
veyor and Civil Engineering Assistant, Marin 
County Engineering Dept. 


Program 


opportunity to become acquainted with a gov- 
ernment research laboratory during their un- 
dergraduate summers, and discover the advan- 
tages of a professional career at the Bureau. 
Open to physical science and engineering majors 
and also to selected high school graduates who 
have displayed unusual scientific ability, the 
Student Trainee Program is proving mutually 
beneficial to the Bureau and the trainees. Ap- 
proximately 150 students have been employed 
annually since the program was initiated in 1948. 
Besides carrying their share of the work load 
during the summer, many fulfill the ultimate 
aim of the program and later return to the staff 
in a permanent capacity.” 
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SUSTAINING MEMBERS 


AsraMs Inpustries, (Abrams Aerial Survey 
Corp., Abrams Instrument Co.), Lansing, 
Mich. 

Agro Service Corp., 236 East Courtland St., 
Philadelphia, Pa. 

INTERNATIONAL AERIAL Mappinc Co., 127 Air- 
port Blvd., San Antonio 12, Tex. 

C. L. Bercer & Sons, INnc., 37 Williams St., 
Boston, Mass. 

Eucene Drietzcen Co., Chicago—New York— 
San Francisco—New Orleans 

Fivorecnica Satmorracui §.P.A. oF Mian, 
represented by Filotecnica Salmoiraghi, Inc., 
4114 24th St., Long Island City 1, N. Y. 

Gro Optic Co., 170 Broadway, New York 38, 

Grant Puoto Propucts, Inc. (Formerly Grant 
Positype Corporation of America), 18915 
Detroit Ave., Cleveland, Ohio 

W. & L. E. Gurtey (4 Memberships), Troy, 

Hitcer & Watts, Lrp., London, England; rep- 
resented by Eugene Dictzgen Co., and Engis 
Equipment Co., Chicago, III. 


Kern & Co., Lrp., Aarau, Switzerland; repre- 
sented by Kern Instruments Inc., 120 Grand 
St., White Plains, N. Y. 


Keurret & Esser Co., Adams & Third Sts., 
Hoboken, N. J. 


Parrorp, Jones & Wuirte, 5328 Hollywood 
Blvd., Hollywood 27, Calif. 


McNatry & Co., (2 Memberships), 
Chicago, IIl. 

Reep Resgarcu Inc., 1048 Potomac St., N. W., 
Washington 7, D. C. 


W. J. Rossins & Co., 885 N. LaSalle St., 
Chicago 10, 


R. M. Towrt Corp. Lrp., 233 Merchant St., 
Honolulu 13, Hawaii 


Witp HeEersrucc INstRUMENTs INc., Main 
and Covert Sts., Port Washington, N. Y. 


ZeE1ss-AEROTOPOGRAPH, Munich, Germany; rep- 
resented by Transmares Corporation, 15 Wil- 
liam St., New York 5, N. Y 


CONGRESS 


EXECUTIVE OFFICERS 
PRESIDENT : Lester C. nen, W. & L. E. Gurley, 530 
Fulten St., Troy, N. Y 


Vice PRESIDENT: G. W. Herzog, 12601 Broken Bough, 
Memorial Station, Houston 24, Tex 


Executive SecreTary: Walter S. Dix, 435 Wood- 
ward Bldg., c/o TVA, Washington 5, D. C. 


TREASURER: Major Richard T. Evans, 1601 Argonne 
PL, N. W., Washington 9, D. C. 


Epitror: Howard S. Rappleye, 6712 4th St, N. W., 
Washington 12, D. C. 


STANDING COMMITTEE 
CHAIRMEN 


Bupcet: John M. Amstadt, 5350 2nd St. North, 
Arlington, Va. 


ConsTITUTION: M. Y. Poling, U. 8S. oo and Geo- 
detic Survey, Washington 25, D. 


MEMBERSHIP: Capt. P. O. Box 
6244, Washington 15, D. 


PROFESSIONAL STATUS: ty A Bauer, 1836 Euclid 
Ave., Cleveland 15, Ohio 


Pusiic Revations: Helmuth Bay, 1104 National 
Press Bldg., Washington 4, D. C. 


PUBLICATIONS: CHARLES A. WHITTEN, U. S. Coast 
and Geodetic Survey, Washington 25, D. C. 


SEVENTEENTH ANNUAL MEETING: Franklin G. Wil- 
ame, 5514 Wevada Ave., N.W., Washington 15, 


DIRECTORY 
DIVISION CHAIRMEN 


CARTOGRAPHY : Robert H. Randall, Jr., 100 Cedar Dr., 
S.E., Washington 23, D. C. 

CONTROL Surveys: E. D. Morse, 3329 Drexel Dr., 
Houston 6, Tex. 

EpucaTion : Harmer A. Weeden, 727 E. Foster Ave., 
State College, Pa. 

INSTRUMENTS: Clifford A. Thorpe, Jr., 501 Wood- 
lawn Ave., Falls Church, Va. 

Property Surveys: Gordon E. Ainsworth, 2 Graves 
St., South Deerfield, Mass. 

ToroGRaPHy : Roland H. Moore, U. S. Geological Sur- 
vey, Washington 25, Cc. 


LOCAL SECTION OFFICERS 


CoLoraDo: Prof. Thomas A. Kelly, Chairman, Civil 
Engineering Dept., Colorado School of Mines, 
Golden, 

George M. Perham, Secretary-Treasurer, 1584 8. 
Gaylord St., Denver 10, Colo. 

Great Lakes: W. B. Williams, Chairman, Court- 
house, Grand Rapids 2, Mich. 

George E. Ekblaw, Secretary- Treasurer, 216 Nat- 
ural Resources Bldg., Urbana, 5 

LOUISIANA: Martin Standard, Chairman, P. O. Box 
252, New Orleans, La. 

BE. M. Sanders, Secretary, 800 California Bldg., 
New Orleans, La. 

NORTHERN CALIFORNIA: Tracy L. Atherton, Secre- 
tary-Treasurer, 925 Singingwood Rd., Sacra- 
mento 21 Calif 

SouTHERN CALIFORNIA: Don P. Jones, Chairman, 
5317 Hollywood Blvd., Hollywood 27, Calif. 

George L. Baker, Secretary, 5656 Buifalo Ave., 
Van Nuys, Calif. 

Texas: J. A. Tomlinson, Chairman, P. O. Box 2180, 
Houston 1, Tex. 

Ivan W. Perry, Secretary, 1208 Niels Esperson 
Bldg., Houston, Tex. 
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APPLICATION FOR MEMBERSHIP 


I am interested in surveying and mapping and hereby apply for membership in 
the American Congress on Surveying and Mapping. I enclose $5.00 (U. S. and 
Possessions), $6.00 (Foreign) in payment of annual dues. 


(Send to: Chairman, Membership Committee, P. O. Box 6244, Washington 15, D. C.) 


Reprints of Articles 


Reprints in quantities of 50 or more may be obtained of any article appear- 
ing in this issue. Orders must be placed with the Editor-in-Chief, Howard S. 
Rappleye, 6712 4th St., N.W., Washington 12, D. C., not later than 3 weeks 
after publication. Authors who wish reprints of their articles may so indicate 
when manuscripts are submitted. Approximate prices of reprints follow: 


Without Covers 
Number 4 pp. 8 pp. 12 pp. 16 pp. 20 pp. Covers* 
$12.75 $20.75 $31.00 $33.00 $43.25 $10.00 
$13.75 $21.75 $32.50 $34.25 $45.25 $12.00 
$14.25 $23.50 $35.25 $37.25 $49.00 $16.00 
$17.25 $28.75 $43.75 $45.50 $60.50 $28.00 
$22.50 $37.50 $57.75 $59.50 $79.75 $48.00 


* Heavy paper covers—over and above the cost of reprints without covers. 
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Adjustable double bubble always 
visible THROUGH SAME EYEPIECE 
@s cross hairs and field. 
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GUARANTEED e@ RELIABLE 
NEW TYPE OF SERVICE 
FOR SURVEYORS 


Specializing in computations 
for Subdivision Developments 


147-15 69 Rd. 


Maurice Gould 


Phone: BO 8-0728 
WILL SERVICE ANY SECTION OF U.S.A. 


|BLUDWORTH MARINE 


@ No need to turn telescope dur- 
ing leveling 

@ American type—erecting eye- 
piece, 4 leveling screws 

@ Unbelievably fast and accurate, 
yet simple-to-use. Economical! 


UNDERWATER 
SURVEYS 


MADE EASIER 
Fast . . . accurate and permanently recorded 


Bludworth Marine’s Su- 
personic Survey Record- 
ers make underwater 
surveys faster with ex- 


RADIO TELEPHONES 


ceptional accuracy. A 
pinection FINDERS must for channel 
dredging, salvage or 
e coastal construction. 
UNDERWATED Reveals character 
WETAL of bottom material 
unpeRWATER while recording 
depth. 


Division of KEARFOTT COMPANY, Inc. 
92 Gold Street, New York 38, N. Y. 
Precision built electronic equipment since 1926 


INSTRUMENT CORP. OF AMERICA 
45-22 PEARSON ST., LONG ISLAND CITY, N. Y. 


SURVEYORS ! 
RAPID TRAVERSE TABLES 


with its patented calculator 


Mailed postpaid anywhere for $5.00 
per copy. Order from the author, Leo 
Jean Goldsmith, 1363 Elevation Road, 
San Diego 10, California. 
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STABILENE FILM 


for making maps by the 
superior system of SCRIBING 


The U. S. Government has pioneered in recent years in making 
multicolor maps by the revolutionary scribing process. For 
this greatly improved system K&E has developed STABILENE 
FILM, a product as superior for the purpose as is the new 
system itself. 

A film with extreme dimensional stability, STABILENE FILM 
offers these definite advantages: 

1. It has very high transparency. 

2. It is free from fibers. This gives it a smoother drawing 
surface. There can be no background of fiber pattern 
on reproductions made from the film. 

3. It is flexible and can be handled freely. 

4. It has high initial tear strength. 

5. It is economical in cost. 

Already, STABILENE FILM has found wide use in map makin 

private as well as public organizations. It is available with 
either a translucent surface for pencil and ink drawing, or with 
scribe coat for scribing, also sensitized for making reproduc- 
tions. Scribe coat permits scribing of fine, sharp, clean lines 
without chipping at intersections or edges. For further informa- 
tion about this great advance in map making, write Keuffel 
& Esser Co. 


KEUFFEL & ESSER 
New York + Hoboken, N. J. 
Detroit * Chicago * St. Lovis * Dallas * San Francisco 
Los Angeles * Seattle * Montreal 
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Ownership of a Warren-Knight surveying in- 
strument is a prized possession to the highly 
skilled engineer. These superb instruments are 
held in special esteem because of their precise 
accuracy and rugged durability. 
Extra fine coated lenses—flat—brilliant—give 
clear observation, and disappearing stadia elimi- 
nates error. 
Most authorities agree that the new Warren- 
Knight 7cF (with 29 additional advantages) is 
the ultimate in precision workmanship. 
If you don’t have the latest information about 
Warren-Knight instruments, ask for Free Infor- 
mation SM 6. 


Send for free Information SM6 


136 NORTH 12TH STREET PHILADELPHIA 7, PA. 
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Fhe RYKER M-11 STEREOSCOPE 


FOLDING TRIPOD BASE 
FOR FIELD USE. 


SMALL OR LARGE BRAGKETS 
FOR USE IN OFFICE. 


BINOCULAR MAGNIFICATION 
FROM 3.6 X TO 7 X. 


VARIABLE MAGNIFICATION 


ADJUSTMENT PERMITS 
EQUALIZING PHOTO SCALES 


Circular on Request 


HARRISON C. RYKER, INc. 


1209 - 8th Ave. Oakland 6, Calif. U.S.A. 
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FASTER! 
SIMPLER! 
LIGHTER! 


“ONE GLANCE” 
EASY READING 


F/S REPEATING 
OPTICAL TRANSIT 


DIRECT Vertical & Horizontal Reading 


Eliminates verniers, reading glasses, parallax errors, and stepping 
around instrument. A glance into the microscope eyepiece gives 
both vertical and horizontal readings directly to 1’ with 
estimation to 6”. 


Optical Plummet 
Eliminates plumb beb and the delays due to swing and wind 
action. Looking into plummet operator sees plummet circle and 
ground point. 


Repeating Lever 


Speeds repetition. Prevents errors. 


Motion Secured at Low Temperature (0° F) 

Portability 
Weighs less than 10 pounds. Fits in compact aluminum 
carrying case. 


Full Line of Accessories 
Ask for complete literature 
Guaranteed for 18 Months 
Full Servicing by Our Factory Specialists 
FILOTECNICA 

SALMOIRAGHI INC. 
41-14 24th STREET, 

LONG ISLAND CITY 1, N. Y. 
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For Sale 
SOUTHERN CALIFORNIA 
SURVEYING BUSINESS 


All maps, records, and field books from 
business netting 10,000 to 20,000 dollars 
per year over the last 10 years will be sold 
to the first bidder for $2,000.00. 

Business property is also available. 

ONLY L. S. OR C. E. IN TOWN OF 13,000 
AREA OF 25,000. EXCELLENT OPPOR- 
TUNITY. 

WRITE EDITOR OF SURVEYING AND MAPPING 

Box B, 6712 4th St. NW, Wash. 12, D. C. 


FROM THE MAILBAG 


July 31, 1956 
Dear Mr. Evans: 

I thank you very much for your letter of 
July 23, with which were enclosed my member- 
ship card and two very provocative cartoons. 

Please receive my compliments for your very 
cordial letters, that always have a touch of deep 
humor and intellectual finesse. 

With pleasure I always recall my recent visit 
to Washington during the 1955 ASP-ACSM 
Consecutive Meetings, and how nice everybody 
was to me. 

I am busy indeed, and in good health. 

If I may suggest, it will be very useful to en- 
courage mutual correspondence among ACSM 
members, although most surveyors are people 
without extra time left during their lifetime. 
You know the clients; they always want the 
maps yesterday! 

Well, for the time being—all the best and re- 
gards to Mr. Dix. I hope he remembers me. 

Yours sincerely, 
N. Leef 
(Nimrod Leef) 
Photogrammetric Institute 
Ratisbone Compound 
Shmuel Hanagid St. 
Jerusalem, Israel 


Executive Secretary Dix, in forwarding the 
above to your editor, made the following com- 
ments: 

“The Institute was founded by the late Zal- 
man Leef.” 

“The glow of friendly cordiality has lasting 
warmth as witnessed in the above tribute to our 
beloved Treasurer’s outstanding personality.” 

“Correspondence between members of ACSM 
located in different parts of the world makes for 
good international relations.” 

“The surveyor-client relationships are the same 
the world over—it seems.” 
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PARK AERIAL SURVEYS, INC. 
Est. 1920 


AERIAL PHOTOGRAPHIC G& TOPOGRAPHIC 
SURVEYS 


STANDIFORD FIELD LOUISVILLE, KY. 
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FENN COLLEGE ENROLLMENT 


Substantial enrollment gains were recorded 
by Fenn College this fall in both day and eve- 
ning divisions. Engineering students account 
for 60% of the entering class and increase the 
college’s total engineering registration to 700, 
an increase of 20% over last year. The engi- 
neering school, the only one in the Greater 
Cleveland area offering full degree programs 
at night, registered 904 part-time students, a 
gain of 4% over the previous year. ACSM 
member G. Brooks Earnest is President of Fenn 
College. 


Foreign Maps 


The problem of procuring authoritative maps 
of foreign areas is one for which there is no easy 
solution. Fortunately, however, there are now 
available several lists of foreign maps and map 
publishers. One such list, compiled by William 
Hannah, was printed in SURVEYING AND MAP- 
pinG, April-June 1956, Vol. XVI, No. 2, pages 
212-216.* A more comprehensive international 
list of maps and publishers, the Bibliographie 


* An extension of this list appears in the “Map 
Information” department of this issue of Sur- 
VEYING AND MAPPING. 


Cartographique Internationale, was described 
in a brief note in SuRvEYING AND MappIinc, 
July-September 1956, Vol. XVI, No. 3, page 
$95.° 

In July 1956, Edward Stanford Ltd., 12-14 
Long Acre, London W.C. 2, England, issued 
A List of Maps Published by Many Official 
Foreign and Colonial Surveys. It includes de- 
scriptions and prices of map publications for 
some 50 countries and dependencies. 

Water W. Ristow 

Library of Congress 


A True Story 


Eprtror’s Note:—The story which follows ap- 
peared under the above title in the August 1956 
issue of Field Notes, the monthly publication of 
the Georgia Association of Registered Land Sur- 
veyors (GARLS). 


Triangulation station MERRIWETHER was lost. 
A bulldozer made it a casualty along with both 
its reference marks. It was like some land 
corners that need to have added permanent 
stakes a tape length or less away on the line. 
Then there came a forward-looking GARL 
who had connected land corners to Merri- 
WETHER with true azimuths and accurate dis- 


tances, closure checked. From one of these 
land corners he observed the sun, retraced 
his traverse, and there in a small deep hole 


found the undisturbed undergound mark. 


MERRIWETHER was found again. The Old 
Marksetter is truly grateful for this and all 
the many similar instances and for all those 
who are watching other MerrtwetHers. That 
GARL proved to be a real professional, a real 
GARL. He knows that from MerriweTHER he 
can restore the land corner, if ever (and may 
it be never) that need arises. 


Mount McKinley Taller 


A newly accepted elevation for the summit 
of Mount McKinley in Alaska was announced 
last August by the National Geographic Soci- 
ety. The new altitude, 23,320 feet, is based on 
ten years of surveys sponsored by the Society 
and under the leadership of Dr, Bradford Wash- 
burn. The previously accepted figure was 23,- 
300 feet. It is reported that the new value for 


the elevation of the tallest mountain on the 
North American Continent will be accepted by 
both the Geological Survey and the Coast and 
Geodetic Survey. 

Mount McKinley is probably the tallest 
mountain in the world in one respect, in that 
it rises to a height of over 23,000 feet from a 
plateau which is only 2,500 to 3,000 feet high. 
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tHE KERN DKM 1] tneovourte 


Provides easy and accurate reading of both sides of both horizontal 
& vertical circles to 10 seconds (estimation to 1 second) . . . 
price you would expect to pay for a less modern | minute instrument 
. . . 776.00 complete 


Only the latest designs of Dr. h. c. Heinrich Wild make possible 
such accuracy, convenience of design, speed of operation and reli- 
ability — and only KERN offers the LATEST designs of DR. WILD 


complete catalog on request 


R. L. SARGENT C0. 


Southwestern KERN DISTRIBUTORS 


M&M BLDG. HOUSTON, TEXAS 
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National Standard of Length Returns to U. S. 


The national standard meter bar, basis of all 
length measurements in this country, has been 
safely returned to its vault at the National 
Bureau of Standards after comparison with the 
international standard in France, according to 
an announcement by Dr. Allen V. Astin, Direc- 
tor of the National Bureau of Standards. 

The extremely precise measurements required 
for accurate comparison of the two meter bars 
were carried out at the International Bureau of 
Weights and Measure at Sévres, a suburb of 
Paris. Because of the great value of the stand- 
ard meter bar to science and the difficulty of 
replacing it, Dr. Lewis V. Judson, Chief of the 
Length Section, personally carried it on its 
journey in a specially constructed case. The 
U. S. meter bar remained at Sévres about two 
months, 

Although the final report on the Sévres 
measurements had not been received by the 
middle of September 1956, NBS has been in- 
formed that it is now certain the U. S. standard 
meter bar has not changed since it was first 
received from the International Bureau in 1890, 
during the term of office of President Benjamin 
Harrison. 

Dr. Astin said, “This is only the third time in 
more than 65 years that we have sent our na- 
tional length standard abroad for comparison 
with the international standard. It is most 
gratifying to learn that there has been no dis- 
cernible change in the relative length of these 
two standards throughout that period. Were 
the length of our standard meter to undergo 
appreciable change, even though very gradually, 
confusion would ultimately result, not only in 
everyday buying and selling but in the mass 
production of interchangeable parts and in most 
fields of scientific and engineering work.” 

The national standard meter bar is made of 
an alloy of platinum (90%) and _ iridium 
(10%). The platinum-iridium alloy was 
chosen because of its hardness and long-range 
stability. The meter is defined as the distance 
between two parallel lines on the bar at the 
temperature of melting ice. 

The value of the alloy contained in the meter 
bar is about $10,000, but its actual value is, of 
course, much greater. Because it is the actual 
standard and practically irreplaceable, its true 
value can scarcely be estimated. 

The standard meter bar is ordinarily kept 
locked in a vault on the grounds at the National 


Bureau of Standards. At infrequent intervals 
is it removed for checking other standards. 
The vault was recently equipped with a glass 
door so that visitors can be shown the standard 
meter bar and standard kilogram without re- 
moving them from the vault. 

Our National Standard Prototype Meter is 
one of 30 meter bars made as nearly identical 
as possible, under the supervision of an interna- 
tional committee, and completed in 1889. 
Number 6 of this series was designated the In- 
ternational Prototype Meter to serve as the 
standard of length for the world, and _ this 
country was allocated number 27 to serve as our 
national standard. Prototype number 21 was 
also allocated to the United States and is used 
as a secondary standard. 

The U. S. standard meter bar was previously 
taken to the International Bureau of Weights 
and Measures in 1903 and again in 1922-23 for 
comparison with the international meter bar. 
Final results of the measurements in each case 
showed no change in length. 

In the vault at NBS, along with the standard 
meter, is also kept the national standard of mass, 
U. S. Prototype Kilogram No. 20. This stand- 
ard is also a copy of a standard kept at the In- 
ternational Bureau of Weights and Measures. 
Together with the standard meter, it serves as 
the basis for all weights and measures in Ameri- 
can commerce, industry, and science. 

While the yard and the pound are the cus- 
tomary units in everyday transactions, these 
units are actually defined in terms of the stand- 
ard meter and standard kilogram. For ex- 
ample, 1 yard equals 0.914402 meter. Thus, 
indirectly the standard meter determines the 
length of a yard of cloth. Likewise, and of 
more interest to readers of this magazine, the 
standard meter determines the length of all 
our tapes used for surveying. 

The International Bureau of Weights and 
Measures is located in international territory 
at Sévres. Here the international standard 
meter bar and standard kilogram are kept in a 
vault, deep under the ground, where they lay 
undisturbed through two world wars. The In- 
ternational Bureau was established in 1875 by 
a treaty signed by 17 nations, including the 
United States. The very accurate copies of the 
international standard meter and standard kilo- 
gram were given to the nations that signed the 
treaty. 
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Commemorative Stamp for Surveyors 


NOTICE to ACSM members, Sections, Di- 
visions, and affiliated groups. 

Now is the time for concerted action in sup- 
port of the issuance of a United States Postage 
Stamp to honor the professional surveyor. All 
of you with an interest in surveying, by indi- 
dividual letters, group petitions, and group reso- 
lutions, are urged to request the Postmaster 
General directly, and indirectly through your 
Congressmen, to issue a Commemorative Stamp 
for Surveyors in time for “first day” ceremonies 
on Surveyors’ Day, August 23, 1957, at the Col- 
lege of William and Mary in Virginia, Wil- 
liamsburg, Va. 

The Postmaster General has been given dis- 
cretion in the selection of a limited number of 
commemorative issues to be produced in any 
one year. Due to the tremendous number of 
requests, the difficulty of choosing among them, 
and in the effort to follow orderly procedure, 
Congressional committees are reluctant to force 
the issue by acts but give earnest support by 
letter to the Postmaster General if urged by 
their constituents. 

ACSM has been advised as follows: “The 
primary effort, therefore, should be for the pro- 
fessional societies of surveyors, and other groups 
interested, and individuals, to make known to 
the Postmaster General the extent of support 
for the proposed stamp.” A secondary effort 
is to let your U. S. Representative and U. S. 
Senator know your views and urge their support 
by their writing to the Postmaster General or 
otherwise calling the matter to his attention. 

With Texas* and Virginia already setting the 
pace and with Surveyors’ Day on August 23, 
1957, in conjunction with the celebration of 
the 350th anniversary of the settlement at 
Jamestown, the opportune “trigger” for action 
on the “commemorative stamp” matter, every- 
one should get behind this drive and write and 
act in full support to have the honoring stamp 
issued. 

Write the Postmaster General, Post Office 
Department; your Senator at the Senate Office 
Building; your Representative at the House 
Office Building; your Representative at the 


* See “Report on the Commemorative Stamp 
for Surveyors,” SuRVEYING AND Mappineo, July- 
September 1956, Vol. XVI, No. 3, page 402. 


House Office Building—all at Washington 25, 
D.C. 


To the President of the College of William 
and Mary in Virginia, a resolution: 

Wuenreas, by the Charter of 1693 the Col- 
lege of William and Mary in Virginia was made 
Surveyor-General of Virginia and the faculty 
of the College entrusted with the duty of ex- 
amining surveyors and of granting them licenses; 
and 

Wuenreas, George Washington in 1749, at the 
age of seventeen, was licensed a surveyor by the 
College of William and Mary; and 

Wuereas, he was a professional surveyor un- 
til other duties demanded his time; and 

Wuereas, he was Chancellor of the College 
of William and Mary from 1788 to 1799, when 
he died; and 

Wuereas, a number of the faculty of the 
College were members of colonial survey com- 
missions; 

Be Ir Resotven, that the American Congress 
on Surveying and Mapping request the Presi- 
dent of the College of William and Mary in 
Virginia to petition the Virginia members of 
the Congress of the United States to ask the 
Postmaster General to have a stamp issued 
in accordance with the attached design,** at 
Williamsburg, Virginia, on the occasion of 
Surveyors’ Day at the College of William and 
Mary on August 23rd, 1957. 


This certifies that the above resolution is a 
true copy of the resolution adopted at Execu- 
tive Committee Meeting for the Board of 
ACSM on October 2, 1956, in Washington, 
D. C. 

For AMERICAN CONGRESS ON SURVEYING 
AND MappiING 
[SEAL] 
October 2, 1956 
Water S. Drx 


Executive Secretary 


** Because no copy of the design available to 
the Editor was suitable for reproduction, the sug- 
gested design for the stamp cannot be shown. 

—EpITor 
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1956 Annual Convention 
American Society of Civil Engineers 


This year, the Annual Convention of the 
American Society of Civil Engineers was held 
at the Penn-Sheraton Hotel, Pittsburgh, Pa., 
during the week of October 15th. Ordinarily, 
this convention meets in New York, but occa- 
sionally, once in four or five years, another city 
is selected. 

The Surveying and Mapping Division of the 
Society held its Technical Session on the morn- 
ing of Thursday, October 18th. The meeting 
was presided over by B. E. Beavin, Sr., Chair- 
man of the Executive Committee of the Divi- 
sion. Approximately 75 attended. 

Professor George H. Harding, recently re- 
turned from the Philippine Island where he 
was engaged as a consulting engineer on land 
surveys and now a consulting engineer in Colum- 
bus, Ohio, emphasized the great need of addi- 
tional surveys and maps in the Philippine Is- 
lands, to supply basic data so necessary in the 
development of the natural resources. In par- 
ticular, he brought out the lack of geodetic 
control in the interior portions of the various is- 
lands. Much work has been accomplished along 
the coastal areas for control of hydrographic 
surveys, but this work should be extended in- 
land to furnish a basis for future mapping and 
for land surveys. 

The second paper was given by William 
O. Baker, Chief Photogrammetric Engineer, 
Michael Baker, Jr., Inc., Rochester, Pa. Mr. 
Baker's paper covered the entire field of the ap- 
plication of photogrammetry to civil engineer- 
ing projects. 

The third paper, given by Robert A, Cum- 
mings, Jr., Partner, Robert A. Cummings Jr., 
and Associates, Pittsburgh, Pa., dealt with the 
subject of aerial triangulation by photogram- 
metric methods and its importance in reducing 
field work. This subject is of particular interest 
at this time, chiefly because of the scarcity of 
engineers. 

The last paper was concerned with the sur- 
vey program on the St. Lawrence River and was 
ably presented by W. H. Williams, Chief Sur- 
veyor, The Hydro Electric Power Commission 
of Ontario, Toronto, Canada. Mr. Williams 


explained the complexities of this extensive 
survey program and brought out, as an aside, 
the desirability of the establishment of plane- 
coordinate systems in Canada, similar to our 
State coordinate systems in the United States. 

During the afternoon of October 18th, the 
Annual Meeting of the Executive Committee, 
Surveying and Mapping Division, was held as 
an “open” meeting in which all interested en- 
gineers were invited to join. 

The agenda for this ieeting included reports 
of the various Technical Committees of the 
Division and other subjects of current interest. 

One of the most interesting reports was that 
of the Task Committee on the Status of Sur- 
veying and Mapping. “This committee com- 
prises Brother B. Austin Barry, Chairman, Pro- 
fessor, School of Engineering, Manhattan Col- 
lege, New York; George D. Whitmore, of the 
Geological Survey; and Alfred O. Quinn, Aero 
Service, Inc., Philadelphia. Because Brother 
Barry was delivering a paper at an engineering 
meeting in Florida, Mr. Whitmore reported on 
the activities of the Task Committee. 

At the Annual Meeting in 1955, the initial 
report of this Task Committee was presented 
as “Phase One.” This report, in brief, defined 
which categories in surveying and mapping were 
professional and which were at the technician 
or preprofessional level. 

The interim report of this year tentatively de- 
fines which categories of surveying and map- 
ping should be considered as engineering and 
which as non-engineering. This general sub- 
ject has been quite controversial in the last sev- 
eral years and it is hoped that the final report 
of the Task Committee will represent a defini- 
tive and acceptable statement on the Status of 
Surveying and Mapping. 

The open session of the Executive Committee 
was attended by all members as well as a 
sizable group of other interested engineers. The 
final action taken was the transfer of the Chair- 
manship of the Executive Committee, Survey- 
ing and Mapping Division, from B. E. Beavin, 
Sr., of Baltimore, Md., to Professor Oscar C. J. 
Marshall of Toronto, Canada. 
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VERTICAL FILE FOR MAPS AND PLANS 


The manufacturers of the “Plan Hold” line 
of vertical filing equipment have a new eight- 
page catalog: “The Plan Hold Story” showing 
four different methods of vertically filing blue 
prints, maps, etc. 

Included in this Catalog (No. 5) is the Type 
“S” Standard Plan Hold which can be used in 
various homemade racks in place of sticks, slats, 
etc. Holes and other mutilations are eliminated 
with the Plan Hold friction-type binders, which 
are made of aluminum and will hold from 1 to 
150 sheets. 

A copy of this new catalogue may be obtained 
on request to Plan Hold, 5204 Chakemco St., 
South Gate, Calif. 


HUNTING TECHNICAL SERVICES, INC. 


As of October 1, 1956, Hunting Technical 
Services, Inc., 57 Park Ave., New York 16, 
N. Y., will act as the representatives in the 
United States of Hunting Aerosurveys Ltd., 
Hunting Geophysics Ltd., The Photographic 
Survey Corporation Ltd., Aeromagnetic Sur- 
veys, Ltd., and the companies of the Hunting 
Group of Aerial Survey Companies. This 
group of companies has been operating in Eng- 
land, South America, Africa, Australia, New 
Zealand, and Canada. An interesting brochure, 
“Ninety-two million more mouths to feed,” has 
been issued by Hunting Technical Services, 
Ltd., London, and is presumably obtainable 
from the new office in New York. 


TIPS FROM THE SURVEYOR’S 
NOTEBOOK 


“Tips from the Surveyor’s Notebook” is a- 


new collection of short articles on unusual sur- 
veying problems and their solutions which has 
been published by W. & L. E. Gurley. 

This 20-page “Notebook” contains the arti- 
cles, case histories, and field tips which have 
created most comment and have proved most 
useful to engineers and surveyors during the six 
years the “Notebook” has been published. The 
new phamphlet contains selected pages from 
Series One and Two. 

Copies of this publication may be obtained 
from Gurley dealers or by writing W. & L. E. 
Gurley, Troy, N. Y. 

It is interesting to note that six of the “tips” 
included in this collection came from ACSM 
members—S. E. Huey, Monroe, La.; G. W. 
Herzog, Houston, Tex.; Gordon E. Ainsworth, 
South Deerfield, Mass.; John Goggin, Mara- 
thon, Fla.; Gerald Hyde, Nashua, N. H.; and 
Stanley M. Shartle, Indianapolis, Ind. 
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BIG CAMERA 


A contract for the largest camera ever built 
on the West Coast has been awarded to Gordon 
Enterprises by the U. S. Air Force. This giant 
camera, measuring 25 feet in length and weigh- 
ing five tons, will utilize a 30-inch lens. It is 
being manufactured for the Air Force Flight 
Test Center at Edwards Air Force Base, Calif. 

The easel of the camera will have 50 auto- 
matic magnets to hold the drawings and docu- 
ments while they are being photographed. 
Other features of the big camera include motor 
drive for the easel, controllable either from the 
easel or from the camera body. The entire 
bed of the camera will be shock-mounted to 
eliminate any possibility of vibration during 
exposure. 


AERIAL PHOTOGRAPHY OF THE 
UNITED STATES 

The U. S. Geological Survey has issued the 
Fighth Edition of the map showing “Status of 
Aerial Photography.” This map bears the date 
“June 1956” and shows all areas known to have 
been photographed by or for Federal, State, and 
commercial agencies. The color pattern of the 
red overprint on the base map, which is at the 
scale of 1: 5,000,000, shows for all the areas 
the agency holding the primary photography. 
Copies of this map are available on request to 
the U. S. Geological Survey. 

A casual inspection of the map shows that 
very little of the United States has not been 
photographed by some one of the various agen- 
cies carrying on aerial photographic work. 


INSECT REPELLANT 

Convenient and effective protection against 
mosquitoes, flies, gnats, chiggers, and other 
bothersome insects is offered by Repellen-Tis- 
sue, a new product which resembles cleansing 
tissue and is offered in plastic pouches contain- 
ing 10 tissues. These tissues may be used to 
wipe away perspiration and to apply the insect 
repellent at the same time. The claim is made 
that these tissues contain no grease, are con- 
venient to use, and may be used a number of 
times. Designed for use by road crews, line- 
men, telephone repairmen, pipeline workers, 
and others who must remain outdoors for long 
periods, these tissues could possibly be useful to 
surveyors under certain conditions. 

For further information write to Mine Safety 
Appliances Company, 201 N. Braddock Ave., 
Pittsburgh 8,-Pa., and ask for Bulletin No. 
0408-12. 
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PROGRAM PREVIEW—the coming March annual meetings 


1957 ASP—ACSM Consecutive Meetings 
and Co-Exhibit 


March 3-9, 1957, Shoreham Hotel, Washington, D. C. 


Sessions of American Society of Photogrammetry— 
Monday, Tuesday, Wednesday morning 


Sessions of American Congress on Surveying and Mapping— 
Wednesday afternoon, Thursday, Friday 


ASP PROGRAM: The technical program of the American 
Society of Photogrammetry is being designed to the di- 
versified interests of its many members. There will be 
technical papers on many phases of photogrammetric ac- 
tivity. The committee on programming plans to present 
feature items on current photogrammetric developments 
including high altitude photography which concerns the 
taking of aerial photographs from 90,000 feet above the 
surface of the earth. There also will be papers on instru- 
ment development and application of interest to problems 
of aerial photography in general. Photogeology papers are 
scheduled of interest to the application of modern photo- 
grammetric approaches to geologic mapping or geologic 
studies and the role of photogeology in geologic explora- 
tion. Of partiuclar interest to users of aerial or terres- 
trial photographs are important papers on the subject of 
photointerpretation, which, to those not versed in photo- 
grammetry, is the accurate image object identification 
phase of photogrammetry rather than the measuring of 
height or distance between object points by stereoplotting 
means. Photointerpretation of length of object shadows, 
and the various shadings in the image picture, can also 
very often determine time or distance approximations. 
Surveyors and engineers need not be photogrammetrists 
to understand and enjoy this interesting subject area. An 
all-important attraction will be a feature panel on the 
role of photogrammetry in the coming Federal Highway 
Program. 


KEY SPEAKER: The speaker for the mid-convention gen- 
eral assembly will be the President of the International 
Society of Photogrammetry, Major General R. Llewellyn 
Brown, C.B., C.B.E., of England, an internationally known 
geodesist and well known to many members of ASP and 
ACSM by long association as the Director of Surveys in 
British mapping circles. 


ACSM PROGRAM: The six Divisions of ACSM will pre- 
sent programs in the general plenary and divisional ses- 
sions, to reflect the broad objectives of the American Con- 
gress on Surveying and Mapping in the public interest and 
in the technical and professional scope of its membership. 
Cartography: plans continuation of its exploratory work- 
shop in which representatives of major commercial and 
governmental cartographic agencies will inventory existing 
practices of producing small amounts to tens of millions 
of maps and charts annually for better understanding of 
problems of estimating, manpower, and production control; 
including philosophies of central control versus delegated 
unit responsibility, and analysis possibilities by electronic 
digital computers. Control Surveys: programs the impor- 
tant part control-surveys play in the President’s new roads 
program; the possible future relief from aching backs—or 


the potential of the Tellurometer in control surveys; and a 
resume and review of the new Federal specifications for 
horizontal and vertical control. An interesting report on 
the evaluated public worth of control surveys may also be 
presented. Education: plans an interesting and important 
panel discussion on the topic of electronic computers, 
and also schedules a joint panel with ACSM’s Property 
Surveys Division in discussing the mutual problems related 
to education of the land surveyor. Instruments: plans to 
feature the usage and field results of the new South Afri- 
can-developed Tellurometer, a wavelength device for meas- 
uring distance. Also programed is a panel of surveying 
and engineering equipment manufacturing experts to an- 
swer questions polled by national questionnaire on the sub- 
ject—‘‘Are you satisfied with presently available surveying 
equipment, and is it adequate to perform accurately and 
efficiently the orecise layout work required today?’’ Prop- 
erty Surveys: features the annual “‘town meeting”’’ on Jand- 
surveying matters of current jinterest—registration and 
license, examination and qualification, professional status, 
interstate commerce and labor law interpretations, jnsur- 
ances, boundary and title problems, etc. Matters mutually 
relating to educating the land surveyor will be discussed 
in joint-panel session with the ACSM Education Division. 
A paper on survey computations is scheduled, and survey 
activities on the DEW line project, the Distant Early 
Warning radar chain in the Arctic, will be related by a 
Canadian Member of Parliament. Topography: presents 
a nontechnical discussion on “‘Mapping for the Federal 
Highway Program’’ of particular interest to contract map- 
pers. Also programed is “‘Mapping the Alaskan Range” 
covering field control and problems jn relation to conver- 
gent aerial photography on the project, related by th-se 
closely in charge of the operations. Other items of topo- 
graphic interest will appear in the Division’s technical- 
business session. All six Divisions: of course, will have 
business sessions during the convention. 


CO-EXHIBIT: The ASP-ACSM Exhibit enjoys national 
ranking as top show in its field, and this year’s exposition 
has every indication of again being outstanding and a main 
attraction to many visiting the convention. 


SOCIAL FUNCTIONS: ASP-ACSM social co-activities 
will feature the traditional cocktail socials, the grand ban- 
quet with entertainment, the dance, and a program for 
the ladies. 


PLAN YOUR RESERVATION NOW 
Guienn C. Wevven, Deputy for Publicity 


1957 ASP-ACSM Consecutive 
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Cumulative Index 
SURVEYING AND MAPPING 
Volumes XIV and XV 


This index, compiled by A. J. Wraight, includes all principal articles and all the news items, 
shorts, etc., that have reference value that were published in volumes XIV (1954) and XV (1955) 


of SuRVEYING AND MapPIinc. 


The principal articles are indexed by subject and author; 


other items by subject only. References are to volume and page, for pagination is continuous 


through each volume. 


The following issues were published in 1954 and 1955: 


VOLUME XIV—1954 


Jan.—Mar. (pp. 1-132) 
Apr.—June (pp. 133-264) 


July-Sept. (pp. 265-408) 
Oct.—Dec. (pp. 409-528) 


VOLUME XV—1955 


Jan.—Mar. (pp. 1-116) 
Apr.—June (pp. 117-276) 


PRINCIPAL ARTICLES 


Accomplishments of the Inter-American Geodet 
Survey, COL. ROBERT R. ROBERTSON, 

Accuracy of Altimetry, Improving the, WARREN F. 
HARING, XV-359 

ACSM, A Message to the Crienate Section, CAR- 
ROLL F. MERRIAM, XIV-4 

Adjustments of the Jig ne The, PHILIP 
KISSAM, XV-173 

Air Trails Maps: A Capra in the Early History of 
Aeronautical Charts, HELMUTH BAY, XV-322 

Alidade Development in the Geological Survey, C. 8. 
MALTBY, XIV-173 

ALSTER, C. J., Large-Scale Engineering Topography 
by Photogrammetric Methods, XV-438 

Altimetry, the Accuracy of, WARREN 

HARING, XV-35 

ane Manufacturers Announce Wind-Free Plum- 
mets, XV-454 

Annual Meeting, The Fourteenth, XIV-145 

Annual Meeting, The Fifteenth, XV-131 

Application st Statistical Methods to parvey Prob- 
lems, H. ARTHUR MEYER, XIV-42 

Application = the Method of Double Position in 
Surveying Problems, HENRY L. THOMSON, XIV- 


Area Computation, Machine for, 
HENRY G. WEISSENSTEIN, 
Anes Measurement, Evaluation of of, JOHN 
. GIERHART, XIV-460 
CHARLOTTE M., Federal 
Records in the National Archives, XV-35 
Automatic Level, The Zeiss Opton Ni-2, C. . PECK- 
INPAUGH, Jk., XIV-185 
ave and Its Mapping Needs, PAUL 
SMITH, XIV-6 


BAKER, MICHAEL, JR.; TX, 
ROBBINS, PAUL H.; DICKERSON, EWS A.: 
ELIEL, LEON T.; LYDDAN, ROBERT H.; and 
MERRIAM, CARROLL F., a of Rela- 
tionships Between Survey ing, hotogrammetry, 
and Engineering, (A Panel Discussion), XV-150 

BAUER, A., Bidding Versus Profes- 
sional Status, XIV-15 

BAY, HELMUTH, Air Trails Maps: A Chapter in 
the Early History of Aeronautical Charts, XV-322 


July-Sept. (pp. 277-404) 
Oct.—Dec. (pp. 405-516) 


BEAVIN, BENJAMIN EVERETT, SR., Surveys in 
Transportation Engineering, XV-57 
BEAVIN, B. E., JR.; SCHMIDT, MILTON 9. 
EGNER, C. A.; WAGSTAFF, R. E.; LAIR 
O.; MORSE, E. D.; and HOUDLETTE, E. c. 
Control Surveys as- Applied to Engineering Proj- 
ects (A 4 Discussion), XV-328 
BERRY, D. Pighoometes with the Ewing Stadia- 
Altimeter, Mes 479 
BERRY, RALPH MOORE, Gapouteers Ties to State 
Plane Coordinates? XIV-33 
Problems with the Continental 
Shelf, A. L. SHALOWITZ, XV-189 
The Gradient, ARTHUR A. STILES, 
XIV-210 
Boxing the Compass, RICHARD L, THREET, XV-217 
BOYLES, J. STUART, Surveying Tidal Lands in 
Texas, XIV-205 
BRINKER, R. C., A Method for Computing Charges 
for Land Surveys, XIV-208 
BROWN, CURTIS M., Bobbing a Line by the 
Double-Line Method, XV 
Duties and Liabilities of the ‘Surveyor Where Land 
is Transferred by Unwritten Means, XV-444 
B.S. Degree in Surveying and Mapping, Prospects 
for a, MARSHALL 8S. WRIGHT, SR., XIV-311 
Business Afford Them, Good Maps—Can? HARRY 
LA VIERS, XV-53 


Cagestzal System, The French, G. H. HALLIDAY, 


Castegrapbers and the Civil Service, ERNEST J. 

ING, XIV-307 

Cartographic and Reproduction Techni ite in Chart 
pine Development of, COL CHARD W. 
PH LBRICK and OTTO C. 'STORSSEL. JR., XV- 


cartographic Exhibits, WALTER W. RISTOW, XIV- 
Cartographic Records in the ational, Aschives, Fed- 


eral, CHARLOTTE M. ASHBY 


Cartographic Training at the College and Universit 
Level, An Curriculum for, GEORGE 
JENKS, XIV-319 

articles about, XIV-18, XIV- 
vas XV-325, XV-381, XV-351, XV-419, 


Cartological Engineering, Needed—A Degree in, 
SAMUEL YATES, XV-63 
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SURVEYING AND MAPPING 


Charme for Land Surve ie Ry A Method for Computing, 
. C. BRINKER, XI 

Production, of Cartographic and 
Reproduction Techniques in, COL. RICHARD W. 
PHILBRICK and OTTO C. STOESSEL, XV-419 

City Planning, Map Use in, LEO J. ZUBER, XV-180 

Civil Service, Cartographers and the, ERNEST J. 
STOCKING, XIV-307 

Closed Traverse, A Study of the Use of the Wild 
Telemeter DM 1 for a, ROBERT D. TURPIN, 
XIV-471 

Cofesede fection, ACSM, A Message to the, CAR- 

LL F. MERRIAM, XIV-484 
compass, "Boxing the, RICHARD L. THREET, 


Compatiiire Bidding Versus Professional Status, 
8S. A. BAUER, XIV-15 

COMPTON, MILTON E., iB Surveying with the 
Velocity of Light, XIV-2 

Compulsory Ties to State ll Coordinates? RALPH 
MOORE BERRY, XIV-339 

Computer for Survey Problems, An _ Electronic, 
CLARENCE E. KITCHENS, SR., XV-468 

Compatiog Charges for ory Surveys, A Method for, 

. BRINKER, XIV-2 

Shelf, Problems Associated 
with the, A. L. SHALOWITZ, XV-189 

Contour Lines, Shortcomings of, LLOYD E. MARS- 
DEN, XV-182 

Cone Local, C. A. WOOLDRIDGE, 
JR 


Control Survey Activities of the U. S. Lake Survey, 
W. T. LAIDLY, XV-220 

Control Surveys—principal articles about, XIV-201, 
XIV-283, XIV -339, XV-25, XV-59, XV-220, XV-315, 
XV-328, XV-355 

Control Surveys as Applied to 
(A Panel Discussion), MILTON O. SCHMIDT, C. 

. R. E. WAGSTAFF, M. O. LAIRD, B. E. 
BEAVIN, JR., E. D. MORSE, and E. C. HOUD- 
LETTE, XV-328 

COOLEY, THOMAS J. The Judicial Functions of 
Surveyors, XIV-16 

Coordinates, Novel ‘Apriieation for Transfer of, 
CARL D. FELTMAN, -36 

Table, Grade, S. RAPPLEYE, 


Comey Surveyor in Wisconsin, The Legal Position of 
the, GEORGE F. SIEKER, XV-50 

CUDE, WILLIAM C., Military Surveying and Map- 
ping Instrument Research, XIV-293 

CUNNYNGHAM, WILKIE, Making Land Surveys 
and Preparing Descriptions to Meet Legal a 
ments, XIV-438 

Curriculum for Cartographic Training at the BO e 
and University Level, An Improved, GEO 
JENKS, XIV-319 


DANIELL, FORREST, The International Boundary 
and Water Commission and the Rio Grande, 


The Thing that Steals the Land, XV-461 
Datum Planes in Illinois, JOHN C. McKIBBIN and 
MILTON O. SCHMIDT, XV-59 
KENNETH R., Scribe Coatings Blossom 
Effective Positives, XV-43 
Degree in Cartological a Needed—A, 
AMUEL YATES, XV-63 
Degree in Surveying an Mapping, Prospects for a 
is. MARSHALL WRIGI T, SR., XIV-311 
Descriptions to Meet Legal Regrets. Maki ng 
Land Surveys and Preparing, WILKIE CUNNY NG. 
HAM, XIV-438 
Description, Whose? IVAN A. PETERS, XIV-36 


Development of Cartographic and Revcotectiee Tech- 
niques in Chart Production, COL. RICHARD W. 
PHILBRICK and OTTO C. STOESSEL, JR., XV- 


se of an Old-Timer, From the, M. G. MeMIL- 
LAN, XIV-54 


III 


DICKERSON, LEWIS 4.; DOUGHERTY, N. W.; 
ROBBINS, PAUL ELIEL, LEON BAKER, 
MICHAEL, JR.; LYDDAN,’ ROBER H.; and 
MERRIAM, CARROLL F., Reappraisal of Rela- 
tionships Between Surveyin hotogrammetry, 
and Engineering (A Panel Sicucslens. XV-150 

DIX, WALTER §&., Fifteenth Annual Meeting Reso- 
lutions Presented to Government Officials, XV-290 

Double-line Method, moteeeies a Line by the, 
CURTIS M. BROWN, XV-3: 

Double Position to Survey Soe lication of 
the Method of, HENRY L. THOMSON, XIV-466 

DOU N. W.; ROBBINS, PAUL H.; DICK- 
ERS EWIS A.: ELIEL, LEON T.; BAKER. 
MICHA JR. LYDDAN, ROBERT’ H.; and 
MERRIAM, CARROLL , Reappraisal of Relation- 
ships Between Surveying, and 
Engineering (A Panel Discussion), XV-1 

Drawings Successfully Transformed 
Positives, Scribed, KENNETH R. DEARDORF, 
XV-433 

Duties and Liabilities of the Surveyor Where sant 
is Transferred by Unwritten Means, CURTIS 
BROWN, XV-444 


Education rinci about, XIV-276, XIV- 


EGNER, C. MILTON WAG- 
STAFF, R. E.; LAIRD, M. O.; BEAV B. E., 
JR.; MORSE, 'E. D.; and HOUDL 
Control Surveys as Applied to Engineering Proj- 
ects (A Panel Discussion), XV-328 

Electronic Computer for Survey _vobiome, An, 
CLARENCE W. KITCHENS, SR., XV-468 

Electronic Distance Meter for Traverse 
Surveying, The, ERWIN GIGAS, XV-31 


in Offshore Areas, G. A. ROUS- 


ELIEL, ped T.; DOUGHERTY, N. W. ; ROBBINS, 
PAUL M.; DICKERSON, LEWIS A. BAKER, 
MICHAEL, JR.; LYDDAN, ROBERT’ H.; and 
MERRIAM, CARROLL F., Reappraisal of Rela- 
tionships Between Surveying, *hotogrammetry, 
and Engineering (A Panel Discussion), XV-150 

EMERY, SERGE A., Nomography Applied to L 

Survey ying, XIV- '59 ane 
Plotting’ and Providing Surveys of Irregular Lots, 


Engineering Projects, Control as to 
(A Panel MIL 


C. A. EGNER, R. WAGSTAFF, 0. LAIRD. 
B. E. BEAVIN, JR., E. D. MORSE, and B.C. 
HOUDLETTE, XV-328 


CARROLL MERRIAM, 150 

Engineering Topography by Photo pummetric Meth- 
ods, Large- “Seale. ALS STER, 438 

Establishing a Line by the rad Method, 
CURTIS M. BROWN, XV-334 

European Instruments and Survey ar ues, Re- 
cent ,Developments in, CAPT. O. S. ADING, 
XIV-298 

nee of Methods of Area Measurement, JOHN 

. GIERHART, XIV-460 

mid. Stadia-Altimeter, Tacheometry With the, 

D. W. BERRY, XIV-479 


Cartographic, WALTER W. RISTOW, 


Federal Cartographic Records in the National Ar- 
chives, CHARLOTTE M. ASHBY, XV-351 
Federal Government in the Field of Surveying and 


Mapping, The, DOUGLAS R. WOODWARD, 


FELTMAN, CARL D., Novel Application for Trans- 
fer of Coordinates, XV-36 


FENNELL, J., 
Coverage, XIV-2 

Fifteenth Annual Meeting, The, XV-131 

Fifteenth Annual Meeting Resolutions Presented to 
Government Officials, WALTER S. DIX, XV-290 
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FITZGERALD, GERALD, Helicopter Revolutionizes 
Topographic Mapping of Remote Areas, XV-15 

Fourteenth Annual Meeting, The, XIV-145 

System, The, G. H. HALLIDAY, 

French Institut Geégraphique National, The Mon 
Blanc popographic Map of the, WILLIAM HAN. 
NAH, XV-458 

FRIERSON, R. E., The Topographic Map in Plant 
Site Studies, XV-55 

Prem te Diary of an Old-Timer, M. G. MCMILLAN, 


FUECHSEL, CHARLES F., Scribing Today, XIV-331 


Geodesy, New Era of, W. A. HEISKANEN, XV-25 

Geological Alidade Development in, C. 8S. 
MALTBY, XI 

GIERHART, JOHN ., Evaluation of Methods of 
Area Measurement, XIV-460 

GIGAS, ERWIN, The Electronic Distance Meter for 
Precision Traverse Surveying, XV-315 

Good Maps—Can Pasteess Afford Them? HARRY 
LA VIERS, XV 

in the United States and Canada, X 

ductions, Xiv-2 

Grade Correction HOWARD RAPPLEYE, 
XIV-88 


Gopient Boundary, The, ARTHUR A. STILES, XIV- 
210 


HALZIDAY. G. H., The French Cadastral System, 
XV-427 


HANNAH, WILLIAM, The Mont Blane Topographic 
¥ep of the French Institut Gedégraphique National, 
“405 

HARING, WARREN F., Improving the Accuracy of 
Altimetry, XV-359 

BARRINGTON. . L., The Stepping Method of 
Stadia, XV 

HASTINGS, CHARLES Re Raydist in Hydrography 
and Surveying, XV-i 

HEISKANEN, W. A., Pak Era of Geodesy, XV-25 

Helicopter Revolutionizes hie Mapping of 
Remote Areas, GERALD FITZGERALD, XV-15 

History of Aeronautical Charts, Air Trails Maps: 
A Chapter in the Early, HELMUTH BAY, XV-322 

HOU E. C.; SCHMIDT, MILTON 0O.; 
A.; WAGSTAFF, R. E.; LATED, 
M. BEAV IN, B. E., JR.; and MORSE, Bes 
Surveys as Applied to Engineering 
ects (A Panel Discussion), XV-328 

How Much Pypoereghte Detail? ROBERT H. LYD- 
DAN, XIV 

Hydrography, Raydist in, CHARLES 

HASTINGS, XV-30 


Illinois, Datum Planes in, JOHN C. McKIBBIN and 
MILTON O. SCHMIDT, XV-59 

Improved Curriculum for at 
the College we peavey Level, An, GEOR F. 
JENKS, XIV-31 

the of Altimetry, WARREN F. 

ARING, XV-359 

Instruments, and the Relationship of the Instrument 
Repairmar to the Surveyor, The Repair of, 
LAWRENCE R. SMITH and CLIFFORD A. 
THORPE, JR., XV-356 

Institut Geégraphique National, The Mont Blanc 
Topographic pan of the French, WILLIAM 
HANNAH, XV-458 

Instruments—principal articles about, XIV-173, 

V- 1V-293, XI1V-298, XIV-471, XV-173, 

XV-336, XV-356, XV- 454 

Instruments and Survey Tec patanes, Recent Develop- 
monte in European, CAPT. O. 8S. READING, XI 
29 

Instrument Research, and Map- 
ping, WILLIAM C, CUDE, 

Inter American Geodetic Survey, Accomplishments 
of, COL. ROBERT T. ROBERTSON, XV-449 
International Boundary and Water Commission and 
the Rio Grande, The, FORREST DANIELL, XIV-80 
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Tntereationsl Cooperation in Mapping, BRIG. GEN. 
ALBERT C. LIEBER, XIV-71 

kote, Providing Surveys of, 
SERGE EMERY, X 

IRISH, B., A Philosophy for Making 
Measurements, XV-341 


JENKS, GEORGE F., An Improved Curriculum for 
Cartographic Training at the College and Uni- 
versity Level, XIV-319 

Jig Transit, The Adjustments of the, PHILIP 
KISSAM, XV-173 


Judicial Functions of Surveyors, The, THOMAS M. 
COOLEY, XIV-161 


KISSAM, PHILIP, Three-Wire Leveling, XIV-169 

The Adjustments of the Jig Transit, XV-173 
KITCHENS, CLARENCE W., SR., An Electronic 

Computer for Survey Problems, XV-468 


LAIDLY, W. T., Control fuever Activities of the 
U. S. Lake Survey, XV-2 
M. O. SCHMIDT, 0.; EGNER, 
WAGSTAFF, R. B.; BEAVIN. B. E., JR.: 
MORSE. E. ; and HOUDLETTE, E. C., Controi 
Surveys as Applied. ” Engineering Projects (A 
Panel Discussion), XV-328 
lane Survey, Control Sever Activities of the U. S., 
. T. LAIDLY, XV-220 
.: is Transferred by Unwritten Means, Duties 
and Liabilities of the Surveyor Where, CURTIS 
M. BROWN, XV-444 
Surveying, raphy Applied to, SERGE 
. EMERY, XIV-5 
tine Surveys, A Computing Charges for, 
R. C. BRINKER, XIV-2 
Land Surveys and eaaaate Descriptions to Meet 
Making, WILKIE CUNNYNG- 
HAM, XIV 
Land, The she that Steals the, FORREST 
DANIELL, XV-461 
LARRABEE, BRUCE M., The Role of Monuments in 
Surveying, XIV-196 
metric Methods, TER 
LA VIERS, Maps—Can Af- 
ford Them? XV-53 
Legal Position of the County Sure yor in Wisconsin, 
he, GEORGE F. SIEKER, -50 
Legal Requirements, Making pie Surveys and 
to Meet, WILKIE CUN- 
‘GHAM, XIV-438 
Level, The Zeiss Opton Ni-2 Automatic, C. L. PECK- 
INPAUGH, JR., XIV-185 
Leveling, Three-Wire, PHILIP KISSAM, XIV-169 
Liabilities of the Surveyor Where Land is Trans- 
ferred by Unwritten Means, Duties and, CURTIS 
M. BROWN, XV-444 
LIEBER, BRIG. GEN. ALBERT C., International 
Cooperation in Mapping, XIV-71 
Streamlining, C. A. WOOLDRIDGE, 


H., How Much Topographic De- 
ail? 
ROBERT H.; DOUGHERTY, N. W.; 
OBBINS, PAUL A, DICKE Lewis 4.3 
LEON T.; BAKER, MICHA JR. ; and 
MERRIAM, CARROLL F., ae of Rela- 
tionships Between Photogrammetry, 
and Engineering (A Panel Discussion), XV-150 


Machine Method for Area Com utation, Simple, 
HENRY G. WEISSENSTEIN, NIV 75 

Making Land Surveys and Preparin “Descriptions 
Requirements, WILKIE CUNNYNG- 


MALTBY, C. Development in the Geolog- 
ical Survey, XIV-17 

Map Collections in pr United States fae Canada, 
MARIE CLECKNER GOODMAN, XV-3 
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SURVEYING AND MAPPING 


Mapping and Photogrammetry Save Dollars, WAL- 
R G. STONEMAN, XV-291 
Mapping. International Copperation in, BRIG. GEN. 
BERT C. LIEBER, 
Mapping Needs, Aviation Development and Its, PAUL 
. SMITH, XIV-64 
ape an and Studies, CHRISTOPHER M. 
Maps— aa Business Afford Them, Good? HARRY 
LA VIERS, XV-53 
Maps _ for Marziend, Tax, WILLIAM L. SHOE- 
MAKER, XV-4 
Maps Pre ae na Way for National Growth, Surveys 
and, T HON. DOUGLAS McKAY, XIV-157 
Marketing mation Maps and, CHRISTOPHER M. 
WELD, XIV-350 
MARSDEN, LLOYD E., Shortcomings of Contour 
Lines, XV-182 
Maryland, Tax Maps for, WILLIAM L. SHOE- 
MAKER, XV-475 
McKAY, THE HON. DOUGLAS, Surveys and Maps 
Prepare the Way for National Growth, XIV-157 
McKIBBIN, JOHN C., and SCHMIDT, MILTON O., 
Datum Planes in Illinois, XV-59 
meet aan, M. G., From the Diary of an Old-Timer, 
New for Making, 
SUMNER B. IRISH, Xv-3 
MERRIAM, CARROLL F., cf Janus and His Re- 
markable Optical System, XIV-153 
Spe ate Training in Surveying and Mapping, 


Preserving the Old Order, XIV-357 
A Saal to the Colorado Section, ASCM, XIV- 


Thoughts of a Grandfather, XV-67 

MERRIAM, CARROLL F.; DOUGHERTY, N. W.; 
ROBBINS, PAUL H.; DICKERSON, LEWIS A.: 
ELIEL, LEON T.: BAKER, MICHAEL, JR.; and 
LYDDAN, ROBERT H., Reappraisal of Relation- 
ships Between Surveying, Photogrammetry, and 
Engineering (A Panel Discussion), XV-150 

Message to the Colorado Section, ASCM, A, CAR- 
ROLL F. MERRIAM, XIV-484 

Method of Double Position to Surveying Problems, 
sepatinn of the, HENRY L. THOMSON, XIV- 


Method for Computes Charges for Land Surveys, 
A, R. C. BRINKER, XIV-208 

Methods, Large-Scale by 
Photogrammetric, C. J. ALSTE -438 

Methods of Area Measurement, Secivaeion of, JOHN 
W. GIERHART, XIV-460 

MEYER, H. ARTHUR, Application < Statistical 
Methods to Survey Problems, XIV-42 

Military Surveying and Mapping, 5 Instrument Re- 
search, WILLIAM C, CUDF, XIV-2 

Mont Blanc Map of the Institut 
Selqraphique tional, The, WILLIAM HANNAH, 

V-45 


Monuments in Surveying, The Role of, BRUCE M. 
ARRABEBR, XIV-196 

WAGSTAFF R. E. LAIR 
BEAVIN, B. E., JR.; and HOUDL 
Control Surveys as ‘Applied to Engineering Proj- 
ects (A Panel Discussion), XV-328 

Mr. Janus and His Remarkable tae System, 
CARROLL F. MERRIAM, XIV-15 


National Archives, Federal Records in 
the, CHARLOTTE M. ASHB 


National Growth, Surveys and Maps Prepare 
Way for, THE ‘HON. DOUGLAS McKAY, XIV- ist 


National Map Coverage, Planning for, EARLE J. 
FENNELL, XI1V-277 


Needed—A Degree in Cartological Engineering, 
SAMUEL YATES, XV-63 


New Era of Geodesy, W. A. HEISKANEN, XV-25 

New Philosophy for Measurements, A, 
SUMNER B. IRISH, XV-34 

Nomogra hy. to Land SERGE A. 
EMER 


plication for | of Coo 
rdinates, CARL 


Offshore Areas, 
ROUSSEL RV nic Surveying in, G. A. 


the, CARROLL F. MERRIAM, 


Optical System, Mr. Janus and His Re 
CARROLL MERRIAM. X1V-153 


Panel Discussion—Control Surveys as A 
*. A. EGNER, R. E. WAGSTAFF 
B. E. BEAVIN, JR., BE. ond 
HOUDLETTE, XV-328 


Panel Discussion—Reappraisal of Relationship B 
tween Surveying, Photogrammetry, and 4 Wastecer- 


D. MORSE, and E. C 


MICHAEL BAKER, JR., ROBER’ 

and CARROLL F. MERRIAM, ERT LYDDAN, 
PECKINPAUGH, C. L., JR., Th 

PETERS, IVAN A., Whose Description? XIV-36 
PHILBRICK, COL. RICHARD W. and STOESSE 

OTTO C., JR., Development of Cartographic 2 

Techniques in Chart Production, 


Philosophy for Makin eee 
SUMNER B. IRISH, KV-341 «New, 
Photogrammetry and R 

Relationships Between Surv Benet Die 

cussion), } VW. DOUGHERTY, PAUL H. ROB- 

BINS, LEWIS A. DICKERSON, LEON T. ELIEL, 

MICHADL BAKER, JR., ROBERT H. LYDDAN, 

and CARROLL F. MERRIAM, XV-150 
Photogrammetry Save Dollars, M i 

TER G. STONEMAN, XV-291 
Photogrammetric Methods, Large-Scal 

Topography by, C. J. ALSTER, 
Plane Coordinates, Com ulso Ti ? 

RALPH MOORE BERRY, 
Plane me Traverse Calculati 

HENRY L. THOMSON, XIV-214” 
Planimeter, Simplified Volume M 

the Polar, THEODORE W 'LD, 
Planning for M 

ap Coverage, EARLE J. 
Plant Site Studies, The T raphi 

Plot Board, The, H. ei" THOMSON, XIV-26 
Plotting and Providing Surve s of I 

SERGE A. EMERY, XV-22 
Plummets, American Manufacturers Announce Wind- 

Free, XV-454 
Polar Planimeter, Simplified Volume M 

with the, THEODORE WILD, XIV- —_— 
Positives, Scribed Drawings Successfully T 

formed into, KENNETH R. DEARDORE, XV-433 
Precision Traverse Surveying, The Electronic Dis- 

tance Meter for, ERWIN GIGAS, XV-315 
i | the Old Order, CARROLL F. MERRIAM, 

-35 
Professional Man, The Surveyor as a, 

ROBBINS, XIV-423 4 . 
Protecstenal titive Biddi 

. A. BAUER, XIV 

erty Surveys— about, XIV- 

XIV V-205, 08. XIV-438, XV-22, XV-444 
a B.S. in Surveying and Ma 

ping, MARSHALL 8S. WRIGHT, Sk, XIV-311 


HOWARD S&., Grade Correction Table. 


Raydist in Hydrography and Surveying, CHA 9} 
READING, CAPT. O. S., Recent Developments in 
Perepess Instruments and Survey Techniques, 


Reappraisal of Relationships Between Surveying, 
Photogrammetry, and Engineering (A Panel Disa- 
cussion), N. W. DOUGHERTY, PAUL H. ROB- 
BINS, LEWIS A. DICKERSON, LEON T. ELIEL, 
MICHAEL BAKER, JR., ROBERT H. LYDDAN, 
and CARROLL F. MERRIAM, XV-150 


| 
| 
i 
i 
8 
S 
T 
in 
f- 
n, 
id 
N- 5 
iS 
al 
Hoe 

nd 
la- 
ry, 
ns 
da, 

J. 
80 


VI 


Recent Developments in European Instruments and 
Server Techniques, CAPT. O. 8. READING, XIV- 


Relationships Between Surveying, Photogrammetry, 
and Engineering, Reappraisal of (A Panel Diacua- 
sion), N. W. DOUGHERTY, PAUL H. ROBBINS, 
LEWIS A. DICKERSON, uEON LIEL, 
MICHAEL BAKER, JR., ROBERT H. LYDDAN, 
and CARROLL F. MERRIAM, XV-150 

Relevement, PAUL E. WYLIE, XV-212 

Repair of Instruments, and the Relationship of the 
Testrement Repairman to the Surveyor, The, 
LAWRENCE R. SMITH and CLIFFORD A. 
THORPE, JR., XV-356 

Reproduction Techniques in Chart Froduction, De- 
velopment of Cartogra COL. RICHARD 
and C. STOESSEL, JR., 


Resolutions Presented to Government Officials, 
eyseets Annual Meeting, WALTER S. DIX, 
Rio pm The International Boundary and Water 
Commission and the, FORREST DANIELL, XIV-80 
RISTOW, WALTER W., Cartographic Exhibits, 


ROBBINS, PAUL H., The Surveyor as a Professional 
Man, XIV-4 

ROBBINS, PAUL H.; DOUGHERTY, N. W.; 
DICKERSON, LEWIS A.; ELIEL, LEON T.; 
BAKER, MICHAEL, JR. ; LYDDAN, ROBERT H. ; 
and MERRIAM, CARROLL F., Reappraisal of 
Relationships Between Surveying, Photogram- 
petty. ond Engineering (A Panel Discussion), 
XV-15 

ROBERTSON, COL. ROBERT R., 
of the Inter American Geodetic Survey, XV-449 

Role of Monuments in Surveying, The, BRUCE M. 
LARRABEE, XIV-196 

ROUSSEL, Electronic Surveying in Offshore 
Areas, XV-3' 


SCHMIDT, MILTON O., and MSIserE, JOHN C., 
Datum Planes in Tilinols, XV-59 

SCHMIDT, MILTON 0.; EGNE Cc. A.; WAG- 
STAFF, R. E.; LA IRD, M. 7 BEAVIN, B. E., 
JR.; MORSE, E. D.; and HOUDLETTE, 
Control Surveys as ‘Applied to Engineering Proj- 
ects (A Panel Discussion), XV-328 

Scribe Coatings Blossom Out, KENNETH R. DEAR- 
DORF, XV-325 

Scribed Drawings Successfully Transformed into 
Positives, KENNETH R. DEARDORF, 
XV-433 

Scribing Today, CHARLES F. FUECHSEL, XIV-331 

SHALOWITZ, A. L., Boundary xr Associated 
with the Continental Shelf, XV-18' 

WILLIAM L., Tax for Mary- 
land, XV-4 

Contour Lines, LLOYD E. MARS- 


& 


SIEKER, GEORGE F., The Legal Position of the 
County Surveyor in ‘Wisconsin, XV-50 
Signal Light, Triangulation and Traverse. HENRY 
. THOMSON, XV-355 
Simple Machine Method for Area ggmeuinten, 
HENRY G. WEISSENSTEIN, XIV-7 
Simplifying Plane Coordinate aa Calcula- 
tions, HENRY L. THOMSON, XIV-214 
Simplified Volume Measurement with the Polar 
Planimeter, THEODORE WILD, XIV-218 
—s LAWRENCE R., and THORPE, CLIFFORD 
JR., The Repair of Instruments, and the Re- 
intionsinip of the Instrument Repairman to the 
Surveyor, XV-356 
SMITH, PAUL A., Aviation Developments and Its 
Mapping Needs, XIV-64 
Specialized Training in ake and Mapping, 
CARROLL F. MERRIAM, XI 
Stadia, The Stepping Method of, E. L. HARRING- 
TON, XV-466 
Stadio. With the Ewing, 
. L. BERRY, XI1V-479 
a Plane Coordinates, Compulsory Ties to? 
RALPH MOORE BERRY, XIV-339 


SURVEYING AND MAPPING 


Statistical Methods to Survey Problems, Applica- 
tion of, H. ARTHUR MEYER, XIV-427 


Stepping. Method of Stadia, The, E. L. HARRING- 
V-460 
a ARTHUR A., The Gradient Boundary, XIV- 


STOCKING, ERNEST J., Cartographers and the 
Civil Service, XIV-307 

STOESSEL, OTTO C., JR., and PHILBRICK, COL. 
RICHARD W., Development of Cartographic and 
Bepnedection Techniques in Chart Production, 


WALTER G., and Photogram- 
metry Save Dollars, XV-2 


Local A. WOOLDRIDGE, 


Study of the es of the Wild Telemeter DM 1 
Closed Traverse, A, ROBERT D. TURPIN, XIV 71 
Subtense Bar, Use of the, H. P. TANNER, XV-336 
Survey Problems, An _ Electronic Computer for, 
CLARENCE W. KITCHENS, SR., XV-468 
Survey Problems, Application of Statistical Methods 
to, H. ARTHUR MEYER, XIV 
Survey Problems, Application ‘the Method of 
eiteane Position to, HENRY L. THOMSON, 
Survey Techniques, Recent Devete ments in Euro- 
an Instruments and, CAPT S. READING, 
CIV-298 
Surveying and Mapping h, Mili- 
tary, WILLIAM SUDE, XIV-2 
Surveying and Mapping, Prospects a B. 
in, MARSHALL WRIGHT. SR., XIV-3 
Surveying and Mapping, ‘The The Federal ase A in 
he field of, DOUGLAS R. WOODWARD, XV-144 
na ying, Photogrammetry, and Engineering, Reap- 
praisal of Relationships Between (A Panel Discus- 
sion), N. W. DOUGHERTY, PAUL H. ROBBINS, 
LEWIS A. DICKERSON, LEON T. ELIEL, MI- 
CHAEL BAKER, JR., ROBERT H. LYDDAN, and 
CARROLL F. MERRIAM, XV-150 
Surveying, Raydist in Hydrography and, CHARLE 
Surveying, The Role S. Monuments in, BRU 
LARRABEE, XIV-19 
Susvs in Tidal Lands in Texas, J. STU 
OYLES, X1V-2 
Surveying with a Velocit of Light, MILTON 
COMPTON, JR., XIV-2 
Surveyor as a Professional Man, The, PAUL H. 
ROBBINS, XIV-423 ” 
Surveyors, The Functions of, THOMA 
COOLEY, XIV-1 
Surveys and Maps a are the Way for National 
Growth, THE OUGLAS McKAY, XIV-157 
Surveys in Engineering, BENJAMIN 
EVERETT BEAVIN, SR., XV-57 
Surveys of Irregular Lots, youn and Providing, 
SERGE A. EMERY, XV-2 


Systematizin Reductions, B. GOUS- 
SINSKY, XIV-216 


Fable, gente Correction, HOWARD RAPPLEYE, 


Systematizing, 
SEY y g, B. GOUS- 


wien, Ewing Stadia-Altim W. 


TANNER, H. P., Use of the Subtense Bar. XV-336 
por WILLIAM L. SHOE- 


as xy 1 for a Closed Traverse, A Stud 
the Use of the Wild, ROBERT D. TUR 1X. 
XIV-471 

Texas, Surveying Lands in, J. 
BOXLES, X1V-20 

Thing that Steals the Land, The, F 
DANIELL, XV-4 

THOMSON, H. L., The Plot Board, XIV-26 
Simplifying | Plane Coordinate Traverse calcula- 

tions, 

Triangulation and Traverse Signal Light, XV-355. 


SURV) 


THORP 
RENC 
Relat: 
Surve 

Thought 


Three-W 
THREE 


Tidal | 
BoYI 


Topogra 
BAN, 
Topogra 
FRIE 
Topogra 
AN. 


Topogré 
evol 


To 
Topogrs 
cale 


Transfe 
D. FI 
Transp 
EVE!) 
Travers 
HEN 
Travers 
& 
Triangt 
THO 
TURPI 
Wild 


Use of 


U. 8. L 
Ww. T 


Velocit 
0 


= 
4 I 
Volume 
Simp 
WAGS'’ 
EGN 
JR. ; 
Cont 
ects 
WEISS 
Meth 
WELD. 
Stud 
Whose 
Wild 7 
of tl 
WILD, 
ment 
Wind-} 
nour 
Wiscor 
veyo 
wooD 
meni 
XV- 
WooL 
trol, 
WRIG: 
Deg! 
YATE: 
Zeiss 
Eng 
PEC 
ZUBE! 
Ameri 
Al 


55. 


SURVEYING AND MAPPING 


THORPE, CLIFFORD A., JR., and SMITH, LAW- 
RENCE R., The Repair of Instruments, and the 
Relationship of the Instrument Repairman to the 
Surveyor, XV-356 

Thoughts of a Grandfather, CARROLL F. MER- 
RIAM, XV-67 

Three-Wire Leveling, PHILIP KISSAM, XIV-169 

THREET, RICHARD L., Boxing the Compass, XV-217 

Tidal Lands in Texas, Surveying, J. STUART 
BOYLES, XIV-205 


be ee Detail, How Much? ROBERT H. LYD- 


Topographic Map in Plant Site Studies, The, R. E. 
FRIERSON, XV-55 

Topographic Map of the French Institut Gedgra- 
oc, National, The Mont Blanc, WILLIAM 

ANNAH, XV-458 

Topographic Mapping of Remote Areas, Helicopter 
Revolutionizes, GERALD FITZGERALD, XV-15 

ise articles about, XIV-29, XV-15, 

XV-i XV-182, XV-438, XV-458, XV-460 

To} ogra hy by Photogrammetric ooo Large- 
cale Engineering, C. J. ALSTER, XV-43 

Transfer of Coordinates, Novel Application a CARL 
D, FELTMAN, XV-36 

Transportation Engineering, Surveys in, BENJAMIN 
EVERETT BEAVIN, SR., XV-57 

Traverse C Plane Coordinate, 
HENRY L. THOMSON, XIV-2 

Traverse triangulation and, HENRY 
L. THOMSON, X 

Triangulation and Travers Signal Light, HENRY L. 
THOMSON, XV-355 

TURPIN, ROBERT D., A Study of the Use of the 
Wild Telemeter DM 1 for Closed Traverse, XIV-471 


Use of the Subtense Bar, H. P. TANNER, XV-336 


U. 8S. Lake Survey, Soatzel Survey Activities of the, 
W. T. LAIDLY, XV-220 


Velocity of Light, Sevyns with the, MILTON E 
COMPTON, JR., XIV 

Volume Measurement with the Polar Planimeter, 
Simplified, THEODORE WILD, XIV-218 


WAGSTAFF, R. SCHMIDT, MILTON 
EGNER, M. O.; BEAVIN, B. E 
JR.; MORSE, E es 
Control Surveys Applied. tc to gunsineering Proj- 
ects (A Panel Discussion), XV-3 

WEISSENSTEIN, HENRY G., on le Machine 
Method for Area Computation, XIV-7 

WELD, CHRISTOPHER M., Maps and Marketing 
Studies, XIV-350 

Whose Description? IVAN A. PETERS, XIV-36 

Wild Telemeter DM 1 for a Closed Traverse, A Study 
of the Use of, ROBERT D. TURPIN, XIV-471 

WILD, THEODORE, Simplified Volume Measure- 
ment with the Polar Planimeter, XIV-218 

Wind-Free Plummets, American Manufacturers An- 
nounce, X V-454 

Wisconsin, The Legal Position of the County Sur- 
veyor in, GEORGE F. SIEKER, XV-50 

WOODWARD, DOUGLAS R., The Federal Govern- 
ot > the Field of Surveying and Mapping, 

WOOLDRIDGE, C. A., JR., Streamlining Local Con- 
trol, XIV-201 

WRIGHT, MARSHALL &., SR., Prospects for a B.S. 
Degree in Surveying and Mapping, XIV-311 

WYLIE, PAUL E., Relevement, XV-212 


YATES, SAMUEL, Needed—A Degree in Cartological 


Zeiss Opton Ni-2 Automatic Level, The, C. L. 
Engineering, XV-63 
PECKINPAUGH, JR., XIV-185 


ZUBER, LEO J., Map Use in City Planning, XV-180 
BOOK REVIEWS 
| Inventory and Prospect, edited 


Preston and Clarence F. Jones, (NOR- 
AN L. NICHOLSON). XIV-228 


Vil 


Atlas of Sweden, Generalstabens Litografiska Aus- 
talts Forlag, Stockholm, Sweden, (WALTER W. 
RISTOW), XIV-228 

Boundaries of Canada, Its Provinces and Territories, 
oe by Norman L. Nicholson, (A. J. WRAIGHT), 


Boundary Control for Surveyors in Cali ifornia, by 
Curtis Maitland Brown, (F. C. MIRGAIN), XV-230 

Geography of North America (Third Edition), by 
George J. Miller, Almon E. Parkins, and Bert 
Hudgins, (JOHN KERR ROSE), XIV-373 

Geography of the Northlands, by George T. Kimble 
and Dorothy Good, (HERMAN R. FRIIS), XV-370 

George Davidson: Pioneer West ore Scientist, by 
Oscar Lewis, (K. T. ADAMS), XV-81 

Grundziige der Nach der 
Methode der Kleinsten Quadrate Nebst Anwendung 
in der Geoddsie (Fundamentals of the Computa- 
tion of Adjustments According to the Method of 
Least Squares, With Applications to Geodesy), by 
Walter Grossmann, (JAMES A. O'KEEFE). 
XIV-372 

Handbook of Graphic Presentation, by Calvin F. 
Schmid, (MORRIS M. THOMPSON), XV-84 

Highway Lawrence I, Hewes, (J. C. 
CARPENTER), XV-8 

Modern Surveying for Civil Engineers, by Harold 
iB Bircha (RALPH MOORE ERRY), 
Xv-4 


Pacific Northwest, The (Second Edition), Otis W. 
Freeman and Howard H. Martin, (ARCH C. GER- 
LACH), XIV-373 

Photographic Measurements, Problems and Solutions, 
by Gomer T. MeNeil, (G. C. TEWINKEL), XV-82 

Portfolio of United States Census Maps 1950, pre- 
pa ared by Bureau of the Census, (WALTER w. 

ISTOW). XIV-372 

cneiies Site Engineering for Architects and Build- 
ers, wy, Harry Parker and John W. MacGuire, 
(HOWARD 8S. RAPPLEYE), XV-230 

Text-Book on Radar, A, by E. G. Bowen, (ROBERT 
H. RANDALL, JR.), XIV-491 

2222 Review Questions for Surveyors, wy Russell C. 
Brinker, (RAYMOND P. EYMAN), XV-83 


COMMENT AND DISCUSSION 


Brazil Attracts People to Surve i Profession, 
HANS AUGUSTO THOFEHRN, 


Canadian Scholarship in 
Cartographic Systems, New, H. EGGER, XV-503 


Change of Volume from tare Maps, FRANK B. 
CASSELL, XIV-501 


Checking Three-Wire Level Computations, ROBERT 


G. BLANCHARD, XIV-5 
Compe Bids for Surveying Services, ALBERT 


NIELS, XIV-1 
Compa Shortcuts Machine, J. 
D LANG, XIV-497 


Determineties of Lake Michigan Areas in Illinois, 
ROBERT H. ENGLE, -490 


in of the Method of Double 
Position to aerer ing Problems), CARROLL F. 
MERRIAM, 


Discussion on Reduc- 
tions” by B. Goussinsky, C. 8. LTBY, XIV- 216 


Geocartography, J. 8S. KEATES, 
and Private Ponds, HARRY E. SCOTT, 


Comment on discussion by C. 8S. MALTBY, XV-238 

Is Sea Level Datum for State Coordinate Systems 
Necessary? GEORGE M. PACE and ROBERT W. 
KNOX, XV-379 

Local Section Objectives, LOGAN N. MUIR, XIV-380 

Machine Method for Area Computations, B. GOUS- 
SINSKY, XV-241 

Machine Solution of Three-Point Problem, C. F. 
MERRIAM, XIV-506 

Maps Deserve, Begnott as Personal Property, J. R. 

RAY, 502 


Ohio Doctorate Degree in Geodesy, 
XV-491 


a 
a 
1 
Is 
of 
i- 
in 
4 
D- 
8- 
S, 
T 
B. 
H. 
M. 
al | 
'N 
8- 
E, 
8- 
v. 
E- 
of 
N, 
|) 
ST 
la- 
M 


Vill 


Peculiar Power of a Surveyor, The, LOUIS N. A. 
SEEMANN, XV-237 


Piges Changed, The, FORREST DANIELL, 
XV-9 


Precision and Accuracy, B. GOUSSINSKY, XIV-234 


Parcels ical Factors in Surveying, MILTON O. 
CHMIDT, XIV-506 


Scio—I Know, WALTER 8S. DIX, XV-490 
Send In That Good Idea, R. B. IRWIN, XIV-104 


Social Security and the we 
letters), WALTER S. VICTOR H. GHEN 
and EARL W. LYMAN. xiv. 381 


Square Root, SERGE A. EMERY, XV-490 
Tables in Grads, A. BAUER, 


State Coordinates for Land Surveys, GEORGE M. 
PACE, XIV-106 


Surveying in Ancient Egypt, VINCE KARLINER, 
XV-379 


Surveyors Covered Under New Social Security Law, 
WALTER DIX, XV-90 


Surveys Should ative. ag Surveyor, C. A. WOOL- 
DRIDGE, JR., XIV-1 


AISZ 


Torrens System of Land Begioteetina, The, XIV-348 
Comments on discussion by W. 8. DIX, XIV-348 


Trees Towers as Contzol Survey Points, 
GEORGE W. CASSELL. XIV-104 


Use of "he Magnetic Compass in Trinidad, PHILIP 
DOUGLIN, XV-241 


Why Grads? C. F. MERRIAM, XIV-498 


CONGRESS NEWS 


ACSM “Gets Around,” XV-335 


Action of the Board of Direction | pbesetutions Pre- 
sented at Annual Meeting, XV-2 


Analysis of Interest, cae. FRANK 
BORDEN, XIV-1 


ANNUAL 
Fourteenth (1954), XIV 
Fifteenth (1955), 


Meeting (1954), XIV-238; (1955), 


Award of Honorary Life Membership, XV-249 

Castonrs Py, and Topography Divisions Joint Meet- 
ng, X 

Colorado Section, XIV-513, XV-263, XV-501 

Election of Officers for 1955, XIV-510 

Election of Officers for 1956, XV-496 


Fifteenth Annual Meeting Pecetations Presented to 
Government Officials, X V-2 


Financial Statement (Dec. nig 1954), XV-265 

Florida, Massachusetts, and Wisconsin Affliates, 
XIV-393 

Handbook Committee Requests Assistance, XIV-248 

International Congress of Surveyors, XIV-111 

Louisiana Section Organized, XIV-392 

Louisiana Section, XIV-514, XV-100, XV-385, XV-502 

Members, New, (see each issue of SURVEYING AND 
MAPPING) 

Section Being Organized in Denver, 


Northern and Senthere California Sections Hold 
Joint XV-3 


Northern California Section, XIV-109, XIV-513, 
XV-100, XV-263, XV-4 


Northern Caliteraia Conducts Varied Activ- 
ities, XIV-3 


an California Section Holds Field Night, 


Northern California Section Takes Action on Pro- 
fessional Policy, XIV-247 


Northern California Section Visits Friden Plant, 
XV-500 


OBITUARIES: 
Boggs, Samuel Whittmore, XIV-517 


SURVEYING AND MAPPING 


Bell, John, XIV-517 

Butcher, Homer R., XIV-517 

Landin, Colin, XIV-517 

Laskowski, John, XV-104 

Loud, Edward L., Jr., XIV-249 

Macliquham, W. L., XIV-250 

Marmer, Harry A., XIV-111 

McCurdy, Philip G., XV-387 

MeNally, Andrew F. W., XIV-394 

Nelson, Oscar H., XV-104 

Pendleton, Thomas P., XIV-394 

Pfleiderer, Peter L., XIV-112 

Roberts, Keith, XIV-395 

Scott, Lt. (j.g.) Gorden D., U.S.C. & G.S., XIV-112 
Officers, New Technical Division (1954), XIV-109 


Election of, (1955), XIV-510; 
95 


Ohio Section Honors Sol A. Bauer, XV-263 


PERSONALS: 


Abrams, Dr. Talbert, XV-264 

Adams, RADM K. T., XV-102 

Ainsworth, Gordon E., XV-500 

Aslakson, Capt. Carl I., XV-388 

Baker, Michael, Jr., XIV-395 

Bauer, Sol. A., XIV-111 

Berry, Ralph Moore, XV-388 

Braund, John J., XV-103 

Burns, Joseph P., XIV-111 

Fitzgerald, John R., XIV-112 

Greenwood, Charles O., Jr., XIV-249 

Hale, Hal H., XV-103 

Higbee, Lester C., XV-500 

Hinely, J. Andrew, XIV-515 

Hoskinson, Capt. Albe.t J., XIV-394, XV-388 

Karo, RADM H. Arnold, XV-389 

Kerkela, Elmore K., X V-387 

Ladd, Col. John G., XV-264 

Littlepage, Gordon B., XIV-111 

Loud, Edward I., XV-103 

Lymburner, James Harold (Red), XIV-393 

Messter, E. O. XV-103 

Mirgain, Frank C., XIV-515 

Morse, E. D., XIV-249 

Peltier, M. Henri, XIV-249 

Reading, Capt. Oliver S., XIV-515 

Sanders, Revere G., XIV-515 

Smith, Paul A., XIV-515 

Studds, RADM Robert F. A., XV-388 

Sutcliffe, Walter D., XV-102 

Thorpe, Clifford A., Jr., XIV-393 

Watson, Dallas H., XV-388 

Zarzycki, Dr. Jerzy M., XIV-249 

Zuber, Leo J., XIV-393 
President Higbee Visits Local Sections, XV-502 
Pogigent'e Message (1954), XIV-242; (1955), XV- 


Program Preview, The 1955 ASP-ACSM Consecutive 
Meetings, XIV -422 


Program Preview, 1956 ACSM-ASP Consecutive 
Meetings and Co-Exhibit, XV-418 


Recognition of Surveyor on + Plan (Professional 
Status Committee), XIV-24 


REPORTS : 
ay 1954 Report to National Research Council, 


ACSM Report to National papeaeeh Council for Year 
Ending April 1955, XV-383 


Annual Financial Statement (1953), XIV-113 
Annual Meeting Committee, XV-252 

Editor’s (1954), XIV-240; (1955), XV-252 
Election (1955), XV-249 


SURVE 


Genera 
Local 
Membe 
Profes 
Public 
XV- 


Secret: 
Treasu 
Vice F 
Resoluti 
XIV-2: 
Some Su 
Southerr 
Southerr 
XV-26 
Southert 
XV-38 
Technica 


TECHN! 


Cartos 
Contr 
Educa 
Prope 
Topog 
Texas S 
XV-98 
Texas § 
Texas 
ing of 
Topogra 


Topogra 
233, 


Accurac 
Adoptio 
Aerial | 
Aerial § 
219 
Airborn 
Airborn 


Air Fe 

metri 
Analyti 
Annual 


Alumin 
siona 


Associa 
versa 


Austra! 
Bausch 
XIV- 
Book a 
306 
“Boun¢ 
XV-6 
Brock | 
The, 
Cartog: 


Centes! 
Coast 


Coast 
poin 


Commi 
x 


? 
By 
Lake Su 
376, 
Public ] 
88, 2: 


SURVEYING AND MAPPING 


General Coordinator’s, XV-260 
Local Section Reports, XV-255 


Mesoeship Committee (1954), XIV-241; (1955), 


Professional Status Committee, XIV-239 
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T-12 0 “= ~=POCKET THEODOLITE 
A Wild lightweight baby that’s making history for convenience and speed on 
preliminary and reconnaissance work, construction, leveling and location surveys. 

The Wild T-12, together with metal cylinder container, and extension-leg tripod 
weighs only 7-Ibs. 


BRIEF FACTS 
e UPRIGHT IMAGE, 5X MAGNIFICATION, 8° FIELD OF VIEW 
e@ HORIZONTAL CIRCLE READING TO 1’ — VERTICAL TO 2’ 
e@ PRISM UNDER TELESCOPE GIVES VERTICAL RANGE OF 72° 
e $245.00, complete with tripod, container, and plumb-bob 


WRITE FOR DETAILED INFORMATION .. . and use the Wild Heerbrugg advisory services without obligation. 


WILD HEERBRUGG 
INSTRUMENTS, inc. 


hai 1 at Covert Streets * Port Washington, N. Y. POrt Washington 7-< 34 § 
SALES * FULL FACTORY SERVICES 
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AMERICAN PAULIN 


MICRO | 
SURVEYING ALTIMETE 


Intervals as close as ONE FOO 


Models available in all range: # 


ENGLISH or METRIC 


Designed for rugg 
field use under 
climatic conditiogs. 


CATALOG ALTIMETER TERRA MODELS $2°0 
© 
a LOWER COST 
MICRO 


SURVEYING 
BAROGRAPH 


@ CHART READING IMMEDIATELY 
AVAILABLE 


e ACCURATE, SENSITIVE, (Same as our 
Micro Altimeter) 


e EASILY READ 
DEPENDABLE 
LIGHT WEIGHT — EASILY PORTABLE 


PRICE IN U.S.A.: $790 complete 
READY FOR USE 
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RECORDER 


MODEL SMB-5 


PRECISION RECORDER 
REPLACES BASE OPERATOR 


AMERICAN 
PAULIN SYSTEM 


1524 SOUTH FLOWER STREET e¢ LOS ANGELES 15, CALIFORNIA, U.S.A. 
THE WORLD'S ‘i, MANUFACTURER OF SURVEYING ALTIMETERS 
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